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Executive Summary 

This document presents the Feasibility Study (FS) to address groundwater contamination at 
Site 47, Mercuric Nitrate Disposal Area, at Naval Suppport Facility, Indian Head (NSF-IH), 
Indian Head, Maryland. This FS was prepared by CH2M HILL under the U.S. Department of 
the Navy (Navy), Naval Facilities Engineering Command, Atlantic Division (LANTDIV), 
Comprehensive Long-Term Environmental Action Navy (CLEAN) III Contract No. N62470-
02-D-3052, Contract Task Order (CTO) 0051. This report documents the evaluation of remedial 
action alternatives to address contamination associated with Site 47 shallow groundwater. 
Neither further evaluation nor remedial action is warranted to address the contamination in 
surface water, sediment, and surface and subsurface soil. The information presented herein 
will be used by the Navy and regulatory agencies to select a remedial alternative (RA) for the 
site that complies with the requirements of the National Contingency Plan (NCP). 

Site 47 (Mercuric Nitrate Disposal Area) is in the central portion of the facility. Mercuric 
nitrate was used in Building 856 as a catalyst in the production of the missile propellant 
hydrazinium nitroformate and was disposed of at a location near the southeast corner of the 
building. The disposal area consisted of about 24 square feet (4 feet by 6 feet) near the 
drainage ditch that begins near the southeast corner of the building. The disposal site was 
covered with limestone chips to provide neutralization for the spent catalyst (consisting of 
nitric acid) disposed of at the site. Evidence of the disposal area no longer exists. Carbon 
tetrachloride was used at the site, likely to keep explosives dry (inerting agent). 

This FS uses information gathered from previous investigations relevant to Site 47, 
primarily the Final Remedial Investigation (RI) report (CH2M HILL, 2003) and the pre-FS 
investigation performed in 2004 by CH2M HILL, to document the analyses and evaluation 
used to develop remedial action objectives (RAOs) and alternatives for this site.  

The primary constituents of concern (COCs) in Site 47 shallow groundwater are chlorinated 
ethanes (1,1,2,2-tetrachloroethane [1,1,2,2-TCA] and 1,2-dichloroethane [DCA]), chlorinated 
ethenes (tetrachloroethene [PCE], trichloroethene [TCE], cis-1,2-dichloroethene [cis-1, 2- 
DCE], and vinyl chloride [VC]), chlorinated methanes (carbon tetrachloride [CT] and 
chloroform [CF]), and inorganics (arsenic, iron, thallium, and vanadium). CT and PCE 
appear to be present as residual dense nonaqueous phase liquids (DNAPLs) because their 
maximum detected concentrations exceeded their respective 1-percent pure solubility limits 
(EPA, 1993). 

The site-specific RAOs for groundwater at Site 47 are:  

1. To prevent unacceptable risks to human receptors from exposure to contaminants in the 
shallow groundwater. 

2. To prevent migration of the shallow groundwater with unacceptable concentrations 
(above site remediation goals [SRGs]) of COCs from Site 47 to the potentially affected 
uncontaminated media. 
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3. To return the shallow groundwater to its beneficial use designation to the extent 
practicable. 

To achieve the RAOs, the remediation approach for Site 47 consists of an active treatment 
for the contamination source area, which is defined as the area where CT concentrations 
exceed 500 micrograms per liter; natural processes as a polishing step for the dissolved 
plume following the completion of the active treatment; long-term groundwater monitoring; 
and implementing land use controls (LUCs) in the forms of land and groundwater use 
restrictions until the SRGs are met. Based on the results of the bench-scale studies, in situ 
chemical oxidation (ISCO) technology using alkaline-activated sodium persulfate is 
determined to be the most efficient and compatible technology for treating the residual 
DNAPLs and the high concentration of COCs within the source area at Site 47. Therefore, 
two RAs addressing shallow groundwater at Site 47 were identified and evaluated based on 
the criteria set forth in the NCP, as follows: 

Alternative 1: No Action. The No-Action alternative is included as a baseline, as required by the 
NCP. 

Alternative 2: Source Area Treatment Using In Situ Chemical Oxidation, Natural Attenuation 
Processes, Groundwater Monitoring, and Land Use Controls. 

Alternative 2 involves implementing ISCO technology using sodium persulfate in the 
source area, using natural attenuation processes for the remaining dissolved plume and the 
source area following the active treatment, conducting long-term groundwater monitoring, 
and enforcing LUCs in the form of land and groundwater use restrictions. 

Based on the findings of the comparative analysis, Alternative 2 satisfies the site-specific 
RAOs, is protective of human health and the environment, and is in compliance with 
applicable or relevant and appropriate requirements. 
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SECTION 1 

Introduction and Background 

This document presents the results of a groundwater Feasibility Study (FS) to address 
contamination at Site 47, Mercuric Nitrate Disposal Area, at Naval Support Facility, Indian 
Head (NSF-IH), Indian Head, Maryland. This FS was prepared by CH2M HILL under the 
U.S. Department of the Navy (Navy), Naval Facilities Engineering Command, Atlantic 
Division (LANTDIV), Comprehensive Long-Term Environmental Action Navy (CLEAN) III 
Contract No. N62470-02-D-3052, Contract Task Order (CTO) 0051. This FS is prepared under 
the overall Installation Restoration Program being implemented at NSF-IH. 

NSF-IH is a Navy facility located in northwestern Charles County, Maryland, 
approximately 25 miles southwest of Washington, District of Columbia (Figure 1-1). The 
facility occupies an area of approximately 3,500 acres and consists of two tracts of land: the 
main installation on the Cornwallis Neck Peninsula and the Stump Neck Annex located 
across Mattawoman Creek (Figure 1-1). Both the main installation (also known as 
Cornwallis Neck Peninsula) and the Stump Neck Annex are on the National Priorities List 
(NPL). Site 47 is located on the main installation along the shoreline of Mattawoman Creek. 

1.1 Scope and Purpose 
This FS report provides proposed remedial action objectives (RAOs), site remedial goals 
(SRGs,) a conceptual overview of remedial alternatives (RAs) to meet RAOs and SRGs, and 
an assessment of their feasibility to meet these goals. This report is not intended to serve as a 
design document; rather, it discusses the criteria used to evaluate RAs and the effects of 
implementing them. The cost estimates presented in the detailed analysis of alternatives 
provide an expected range of –30 to +50 percent accuracy. 

The remedial investigation (RI) at Site 47 (CH2M HILL, 2003) identified constituents of 
potential concern (COPCs) in shallow groundwater and recommended an FS to evaluate 
remediation of groundwater. The RI concluded that neither further evaluation nor remedial 
action is warranted for surface water, sediment, surface soil, and subsurface soil. The 
information presented herein will be used by the Navy and regulatory agencies to select a 
remedial alternative for the site that complies with the requirements of the National 
Contingency Plan (NCP). 

1.2 Report Organization 
This FS report is organized into seven sections, as follows: 

Section 1 – Introduction and Background: This section presents the purpose of the FS and 
summarizes the brief history of NSF-IH and its associated land use and the physical 
characteristics of Site 47. 
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Section 2 – Summary of Groundwater Contamination, Risk Assessments, and Final 
COCs: This section presents the summary of previous environmental investigations that are 
relevant to groundwater contamination at Site 47, specifically human health risk assessment 
(HHRA) and ecological risk assessment (ERA), constituents of concern (COCs) in shallow 
groundwater at Site 47, and an assessment of natural processes if no action were taken at 
this site. 

Section 3 – RAOs, ARARs, SRGs, and Area of Attainment: This section identifies the 
RAOs, Applicable or Relevant and Appropriate Requirements (ARARs), SRGs, and Area of 
Attainment (AA) where SRGs are exceeded for the remediation of groundwater. 

Section 4 – Identification and Screening of Remedial Technologies and Assembly of 
Remedial Alternatives: This section identifies and screens the remedial technologies and 
discusses how the retained remedial technologies were assembled into RAs. 

Section 5 – Description and Detailed Analysis of Remedial Alternatives: This section 
describes the RAs and analyzes each RA against the nine NCP criteria. 

Section 6 – Comparative Analysis of Remedial Alternatives and Recommended Alternative: 
This section presents the evaluation of RAs against each other and a recommended RA. 

Section 7 – References 

1.3 Installation History and Surrounding Area Land Use 
NSF-IH was established in 1890 and is the Navy’s oldest continuously operating ordnance 
station. At various times during its operation, NSF-IH has served as a gun and armor 
proving ground, a powder factory, a propellant plant, and a research facility. The U.S. 
government purchased Stump Neck Annex in 1901, which provided a safety buffer for the 
testing of larger naval guns that were tested by firing into the Potomac River. 

The primary mission of NSF-IH was production of gunpowder and development of new 
explosives during the onset of World War II. After the Vietnam conflict, the mission of NSF-
IH shifted from primarily production to highly technical engineering support. In 1987, NSF-
IH was called Naval Ordnance Station, which was established as a Center for Excellence to 
promote technological excellence in the following specialized fields: energetic chemicals; 
guns, rockets, and missile propulsion; ordnance devices; explosives; safety and 
environmental protection; and simulators and training (Parsons Engineering Science, Inc., 
2000). Current military land uses include operations and training; production; maintenance 
and utilities; research, development, testing, and evaluation; explosive storage; supply and 
nonexplosive storage; administration; community facilities and services; housing; and open 
space. 

Forest stands comprise approximately 47 percent, or 1,603 acres, of NSF-IH and include 
pine, pine-hardwood, and hardwood forest cover types. Recreation areas at the facility 
include approximately 1,150 acres of designated hunting areas, approximately 2 miles of 
shoreline fishing areas, and 1.5 miles of nature trails. 

NSF-IH is generally surrounded by commercial, residential, and state park land to the east 
and south of the main installation and Stump Neck Annex. The main installation covers 
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approximately 2,500 acres and is bounded by the Potomac River to the northwest, west, and 
south; Mattawoman Creek to the south and east; and the town of Indian Head to the 
northeast. Elevations range from sea level to approximately 125 feet above mean sea level 
(msl). The town of Indian Head is located just northeast of NSF-IH, where most residential 
developments are located. Indian Head Highway (Route 210) extends eastward from the 
NSF-IH main gate, attracting businesses and providing access to residential areas off the 
main highway. The Potomac River borders the main installation to the north and west and 
Stump Neck to the west. Mason Neck National Wildlife Refuge is located across the 
Potomac River, north of the main installation. The Mattawoman Natural Environment Area 
is State-owned property located along the southern edge of Mattawoman Creek, east of the 
main installation. 

Stump Neck Annex covers approximately 1,000 acres and is bordered to the north by 
Mattawoman Creek, to the east by General Smallwood State Park and Sweden Point Marina, 
and to the south by Chicamuxen Creek, agricultural lands, and low-density residential 
development. Elevations range from sea level to approximately 10 feet above msl. The 
Chicamuxen Wildlife Management Area is located adjacent to and south of the Stump Neck 
Annex. 

1.4 Site History 
Site 47 (Mercuric Nitrate Disposal Area) is in the central portion of NSF-IH. Site boundaries 
are shown in Figure 1-2. Mercuric nitrate was used in Building 856 as a catalyst in the 
production of the missile propellant hydrazinium nitroformate and was disposed of at a 
location near the southeast corner of the building (Figure 1-2). The disposal area consisted of 
about 24 square feet (4 feet by 6 feet) near the drainage ditch that begins near the southeast 
corner of the building. The disposal site was covered with limestone chips to provide 
neutralization for the spent catalyst (composed of nitric acid) disposed of at the site. There is 
no evidence of the disposal area at present. Drainage in the ditch adjoining the former 
disposal location flows generally southward to the Site 8 swale, which discharges to the east 
into the Site 12 Pond (CH2M HILL, 2003).  

Carbon tetrachloride was used at the site, perhaps not for typical solvent applications but 
rather to keep explosives dry (inerting agent) and may have been poured into drains or 
stored in leaky drums (CH2M HILL, 2003). 

1.5 Site Characteristics 

1.5.1 Site Topography 
The topography of Site 47 is characterized as relatively flat in the area between the Potomac 
River and the Site 12 Pond. However, the valleys formed by the streams and swales that 
discharge to the Site 12 Pond and the valley surrounding the Site 12 Pond are prominent 
features. The drainage pattern is dendritic, and the streams and swales are moderately 
incised. A typical elevation difference between the edge of the valley and the water surface 
is 25 feet with a slope of 1:6. The slope at the shoreline of the Potomac River is 
approximately twice as steep (Figure 1-3). 
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There are three surface water bodies near Site 47: the Potomac River to the west, the Site 12 
Pond to the east, and Mattawoman Creek to the southeast. Drainage in the immediate 
vicinity of Building 856 follows a series of man-made drainage swales that discharge to the 
Site 8 Swale. Drainage swales are also present along the roads that traverse the site. These 
swales discharge to the Site 8 Swale, which drains into Site 12 Pond. 

Numerous man-made topographic features and structures are present at and near the site. 
The primary features are magazines used for explosive storage and the mounds 
surrounding the magazines in the event of an explosion. Some buildings used in the 
production of explosives have barrier mounds as well. 

1.5.2 Site Geology and Hydrogeology 

1.5.2.1 Site Geology 

In order to obtain site-specific lithologic information, 17 hollow-stem auger (HSA) 
boreholes, 5 direct-push boreholes, and 41 membrane interface probe (MIP) borings were 
advanced during the RI (CH2M HILL, 2003). Split-spoon samples were collected at 5-foot 
intervals during HSA drilling. Depths of the HSA borings varied between 12 feet below 
ground surface (bgs) (IS47MW12) and 27 feet bgs (IS47MW01). Continuous soil cores were 
collected from the direct-push soil borings. Each boring was installed to a total depth of 8 
feet bgs. The MIP borings generated continuous electric conductivity (EC) logs during 
advancement. MIP borings depths varied between 14 feet bgs and 43 feet bgs.  

A review of the boring and EC logs indicated that the shallow subsurface at Site 47 is 
characterized primarily by silty sand that is underlain by dense, gray clay. Both of these 
units are likely part of the Quaternary deposits (CH2M HILL, 2003). 

The depth to the clay at the site ranges between 1 foot bgs and 24 feet bgs, depending on 
surface elevation and location. The clay surface generally slopes toward the southeast. In 
most instances, the clay was only penetrated a few feet; however, at six locations, the clay 
was penetrated as much as 30 feet. At each location, the thickness of the clay appears greater 
than 30 feet (i.e., the clay was not fully penetrated at any of the location). Figure 1-4 shows 
the locations of the MIPs and borings used to obtain geologic data and the location of two 
geologic cross-sections (A-A’ and B-B’). Figure 1-5 presents cross-section A-A’, oriented 
approximately west-east through the site. Figure 1-6 shows cross-section B-B’, oriented 
approximately north-south through the site.  

As shown in Figures 1-5 and 1-6, a localized silt layer was encountered in the vicinity of 
Building 856. The silt layer was encountered in MIPs BH-1, BH-2, MIP-01, and MIP-02. 
Depth of the layer ranges between 8 feet bgs and 16 feet bgs, depending on surface elevation 
and location.  

1.5.2.2 Site Hydrogeology 

The site appears to be immediately underlain by silty sand, which in turn is underlain by a 
clay layer greater than 30 feet in thickness. These are the two primary hydrostratigraphic 
units at the site. The silty sand acts as the primary water-bearing unit and the underlying 
clay acts as a confining layer. 
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During the July 2004 sampling event, the water table was encountered at elevations ranging 
from 34.40 feet msl in IS47MW18 to 36.98 feet msl in IS47MW06. Figure 1-7 presents the 
water table map and groundwater flow direction based on data collected on November 22, 
2002 (the most complete round). The primary direction of groundwater flow across the site 
is to the southeast toward the Site 12 Pond and Mattawoman Creek. In areas north of 
Building 856, flow appears more easterly, likely discharging directly to the Site 12 Pond. 
Similar groundwater elevations were observed in the monitoring wells near Building 856. 
Because the elevation differences around this building are small, slight fluctuations 
observed in a given monitoring well may cause hydraulic gradients to reverse. This suggests 
that the monitoring wells installed near Building 856 are on or near a groundwater divide. 
Given that Site 47 is located at the topographic high on the peninsula between the Potomac 
River and Mattawoman Creek, this is a plausible scenario. 

Hydraulic conductivities ranged from 0.6 foot (feet) per day (ft/day) to 19.7 ft/day, with a 
geometric mean of 5.6 ft/day or 2 x 10-3 centimeters per second (Table 1-1). Vertical 
hydraulic conductivities from the clay layer ranged from 5.2 x 10-5 ft/day to 4.6 x 10-4 
ft/day, with a geometric mean of 1.4 x 10-4 ft/day. These values reflect the low permeability 
of this unit, thus confirming its role as a confining layer. 
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TABLE 1-1 
In Situ Hydraulic Conductivity (Slug) Test Results 
Site 47 Feasibility Study 
NSF-IH, Indian Head, Maryland 

Monitoring Well Hydraulic Conductivity (feet per day) 

IS47MW011 4.3 

IS47MW021 2.9 

IS47MW031 5.8 

IS47MW041 2.9 

IS47MW052 19.7 

IS47MW061 2.9 

IS47MW071 2.9 

IS47MW082 15.9 

IS47MW091 0.6 

IS47MW101 1.4 

IS47MW183 2.5 

Geometric Mean 5.6  
1 Slug test performed on 04/11/01. 
2 Slug tests performed on 04/11/01 and 07/28/04. K values in table are the 

geometric mean of the K values from the two tests. 
3 Slug test performed on 07/28/04. Well installed on 07/14/04. 
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SECTION 2 

Summary of Groundwater Contamination, Risk 
Assessment, and Final COCs 

This section presents a summary of previous investigations as they pertain to the shallow 
groundwater at Site 47, groundwater contamination, risk assessments, and the final COCs.  

2.1 Summary of Previous Investigations 
The previous investigations performed at Site 47 were: 

• A Preliminary Assessment (PA) was conducted to evaluate Sites 39 to 55. The PA 
recommended further investigation for all sites except Sites 51 and 52. A supplemental 
PA report was completed by the Naval Energy and Environment Support Activity in 
January 1992 (Naval Energy and Environment Support Activity, 1992).  

• A Site Inspection (SI) was conducted at Sites 39 through 50 and at Sites 53, 54, and 55 
(Ensafe/Allen & Hoshall, 1994). Based on the results of the SI, all of the sites were 
recommended for further study. During this investigation, 12 samples of soil were 
collected in and around the former pit where mercury disposal occurred at Site 47. Data 
from these samples did not conclusively identify the location of the location of the 
former mercuric nitrate disposal pit. The SI recommended an additional study to 
determine the nature and extent of volatile organic compounds (VOCs), semivolatile 
organic compounds (SVOCs), and metal contamination. 

• A RI was conducted by CH2M HILL from 1999 to 2002. The final RI report was 
completed in December 2003 (CH2M HILL, 2003). 

• A pre-FS investigation conducted by CH2M HILL in July 2004. 

The data obtained during the pre-FS investigation were incorporated into the RI data and 
used in the preparation of this FS. Thus, the information presented in this section and report 
focuses on the combined RI data and pre-FS data. 

2.1.1 Remedial Investigation 
The RI at Site 47 was performed in several phases from 1999 to 2002. The objectives of the RI 
were to fully define the contamination in the surface and subsurface soil, shallow 
groundwater, surface water, and sediment. 

For groundwater characterization, the RI primarily used MIP/EC methods, direct-push 
technology (DPT) method for groundwater sampling, and conventional groundwater 
monitoring wells to delineate the extent of the contamination. The MIP/EC and the DPT 
methods were used as an initial characterization tool to determine the placement of the 
permanent monitoring wells. Figure 1-4 shows the locations of MIP/EC and the direct-push 

082970004WDC 2-1 
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points, as well as the permanent monitoring wells at Site 47. Table 2-1 summarizes the 
activities during the RI phases as they relate to groundwater investigations. 

As part of the RI, an HHRA and ERA were also conducted. Section 2.3 of this FS presents a 
summary of these assessments.  

The primary findings of the RI indicated that groundwater contamination was, for the most 
part, attributed to the high detections of chlorinated VOCs, specifically carbon tetrachloride 
(CT), tetrachloroethene (PCE) and trichloroethene (TCE), and their breakdown products; 
and, 1,2-dichloroethane (1,2-DCA). High concentrations of most VOCs were detected 
around Building 856, suggesting that this is the source area of the VOCs. 

The detected concentrations of CT and PCE indicated that dense nonaqueous phase liquid 
(DNAPL) sources were likely present in the vicinity of Building 856. However, the lower 
concentration data from the downgradient wells of Building 856 suggested that residual 
DNAPL is likely confined within the source area. 

2.1.2 Pre-FS Investigation 
The RI recommended a pre-FS investigation to further assess the viability of natural 
attenuation (NA) as a remedial alternative. A work plan entitled Final Work Plan for Pre-FS 
Investigation Activities at Site 47, Naval District Washington, Indian Head, Indian Head, MD 
(CH2M HILL, 2004) was submitted for conducting a pre-FS investigation to address the 
recommendation in the RI as well as provide a better understanding of site conditions 
necessary for completion of this FS. Appendix B contains the summary of field efforts 
during the pre-FS investigation. 

2.2 Summary of Groundwater Contamination 
Groundwater contamination and plume boundaries are based on groundwater monitoring 
well data obtained from both the RI and pre-FS investigation. 

The maps of the groundwater contamination plumes are presented as composite plumes 
over time, using the most recent data for wells that were consistently analyzed for particular 
parameters throughout different investigations, because the number of wells sampled and 
the analytical requirements during each sampling event during the RI and pre-FS 
investigations were not uniform. In addition, new wells were installed and analyzed during 
each event to further refine the plume boundary.  

Unless necessary for clarification, DPT sample locations and results are not depicted in the 
figures. Results of the DPT samples were used initially to determine the placement of the 
permanent monitoring wells and then used to aid the remedial design process. Detailed 
results of groundwater sampling during the RI can be found in the Final RI report (CH2M 
HILL, 2003). Table A-1 in Appendix A provides groundwater data from the RI and pre-FS 
investigation. Table A-2 in Appendix A provides the DPT groundwater data. 

Based on the RI and the pre-FS investigation results, shallow groundwater contamination at 
Site 47 falls into three categories of compounds: VOCs, SVOCs, and inorganics. These 
groups are discussed in detail below. 
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The results of the geochemical and NA indicators, which are used to assess the natural 
processes and subsurface conditions affecting the contaminants, and the results of the soil 
oxidant demand test are also presented. 

2.2.1 Volatile Organic Compounds  
The results from the RI indicated high concentrations of VOCs in the immediate vicinity of 
Building 856. The compounds detected at high concentrations were CT (also referred to as 
tetrachloromethane [TCM]) and its breakdown products: chloroform (CF) or 
trichloromethane, methylene chloride or dichloromethane (MC), and chloromethane (CM). 
Other VOCs detected include tetrachloroethene (PCE), trichloroethene (TCE), and their 
breakdown products (cis-1,2-dichloroethene [cis-1,2-DCE] and vinyl chloride [VC]), and 1,2-
DCA. Although other VOCs were detected in monitoring well and in situ groundwater 
samples collected at the site, their spatial distribution is contained within the plumes of the 
high concentration VOCs mentioned above. 

The pre-FS investigation results were similar to the RI results, in that the dominant VOCs 
detected were CT and its breakdown products (CF, MC, and CM), and PCE and TCE and 
their breakdown products (cis-1,2-DCE and VC).  

A discussion of each VOC is provided below. 

2.2.1.1 Carbon Tetrachloride and Its Breakdown Products 
Figure 2-1 presents the analytical results for CT and its breakdown products (CF, CM, and 
MC) based on the RI and pre-FS investigation. Figure 2-2 presents the interpreted 
isoconcentration contour maps for CT and CF. Observed concentrations of CT and CF were 
highest east of Building 856 at the approximate location of the reported barium pit. As 
shown on Figure 2-2, the CT and CF extend south from Building 856. The area with 
concentrations greater than 10,000 micrograms per liter (μg/L) included the locations of 
monitoring wells IS47MW03 and IS47MW04. Groundwater samples collected from these 
wells did not exhibit temporal trends in concentrations of CT, CF, and CM. Groundwater 
samples collected from well IS47MW03 contained CT at concentrations that ranged from 
3,900 μg/L to 100,000 μg/L and CF at concentrations that ranged from 1,200 μg/L to 39,000 
μg/L. CM was not detected in this well. Groundwater samples from well IS47MW04 ranged 
in concentrations from 28,000 μg/L to 34,000 μg/L for CT, from 23,000 μg/L to 39,000 μg/L 
for CF, and from non-detect to 1.1 μg/L for CM.  

The high VOC concentrations detected in monitoring well groundwater samples in the 
vicinity of Building 856 were also observed in the DPT groundwater samples collected from 
two depth intervals from each of two locations in the vicinity of the pit. At one of the 
locations, samples were collected from IS47GW30 (top interval) and IS47GW31 (bottom 
interval at the top of the clay layer). The concentrations of CT and CF at IS47GW30 were 
11,000 μg/L and 43,000 μg/L, respectively. The concentrations of CT and CF at IS47GW31 
were 110,000 μg/L and 56,000 μg/L, respectively. At the second location, samples were 
collected from IS47GW38 (top interval) and IS47GW39 (bottom interval at the top of the clay 
layer). The concentrations of CT and CF at IS47GW38 were 2,300 μg/L and 2,000 μg/L, 
respectively. The concentrations of CT and CF at IS47GW39 were 250,300 μg/L and 91,000 
μg/L, respectively. The results at these two locations showed lower concentrations of CT 
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and CF in the top interval than in the sampling interval at the top of the clay layer. The 
concentrations observed in the interval at the top of the clay layer are suggestive of the 
potential presence of residual DNAPL. 

All of the data appear related to a source east or south of Building 856 (Figure 2-2). Two 
monitoring well samples and one DPT groundwater sample collected south of the Site 8 
Swale (an apparent hydraulic divide) contained low concentrations of CT or CF. Monitoring 
well IS47MW12, installed south of the Site 8 Swale and east of Caffee Road, contained CF at 
a concentration of 8.1 μg/L but no CT. Monitoring well IS47MW14, installed south of the 
Site 8 Swale and behind Building 1769, contained CF at a concentration of 0.43 μg/L but no 
CT. DPT groundwater samples from IS47GW40, installed near IS47MW14 but closer to 
Building 1769, contained CT at a concentration of 15 μg/L and CF at a concentration of 5 
μg/L. The VOCs detected in the groundwater sample from IS47GW40 may be associated 
with a separate release in the vicinity of Building 1769. This monitoring well is located a 
considerable distance from the main footprint of the CT plume detected in the vicinity of 
Building 856, with a lower concentration (8 μg/L) detected at well IS47MW12 and below the 
detection limit level at IS47MW05. In addition, the presence of the perennial water in Site 8 
Swale likely refracts and partially captures flow from the Building 856 area. During the pre-
FS investigation, the three newly installed monitoring wells confirmed the lack of detection 
of CT and its breakdown products in the western and southwestern boundaries of the 
plume. 

The RI concluded that concentrations of CT and CF in surface soil samples were not 
indicative of the primary source, given their locations and concentrations. 

2.2.1.2 PCE, TCE, and Their Breakdown Products  

The following discussion will treat PCE and TCE as parent products and cis-1,2-DCE and 
VC as their breakdown products. While TCE may be a breakdown product of PCE, it is a 
common industrial solvent in its own right. Further, cis-1,2-DCE and VC are less common as 
industrial chemicals, although VC is widely used in some industries. Therefore, the most 
likely usage and disposal history of these four compounds has PCE and TCE being 
employed in various processes, with the subsequent generation of cis-1,2-DCE and VC in 
the subsurface following disposal and degradation of the parent products. However, 
without documentation pertaining to every process that has taken place at Building 856, this 
usage and disposal history cannot be confirmed. Concentrations of PCE, TCE, VC, and cis-
1,2-DCE in monitoring well groundwater samples are depicted on Figure 2-3.  

Figure 2-4 presents the interpreted isoconcentration contour maps for PCE, TCE, and cis-1,2-
DCE. The highest detection of PCE, 2,700 μg/L, was observed in the sample collected from 
IS47MW04 during the July 2004 sampling event. The lowest concentration, 1,300 μg/L, was 
observed in the same well during the September 2002 sampling event. It should be noted 
that PCE in general was detected in lower concentrations in all of the wells where 
previously detected. The variance could be the result of sampling during a drought versus 
during an abundance of rainfall. 

As shown in Figure 2-4, the shape of the plume appears to reflect groundwater flow. Higher 
concentrations were observed around IS47MW04, and the leading edge of the plume is 
moving to the southeast. The size of the plume, coupled with the RI sampling results, may 
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suggest multiple source areas. Because the highest detection of PCE in groundwater was 
located near the highest soil detection (47SA01), this points to at least one source. While PCE 
was not detected in the sample obtained from well IS47MW01 during the pre-FS sampling 
event, it was detected during the RI sampling event at a concentration of 2.8 μg/L. PCE was 
detected in the DPT groundwater sample point RI47GW10 at a concentration of 38 μg/L. If 
the area with the highest soil detection (47SA01) was the only source, it is unlikely that PCE 
would reach IS47MW01 (north of Building 856) from this location through the process of 
diffusion, which can move a contaminant against the flow of groundwater. Therefore, there 
may be a source of PCE north of Building 856. However, the groundwater flow directions 
near the groundwater divide can vary and may have contributed to locations north of 
Building 856 from the source near Building 856. 

Figure 2-4 shows that the highest concentration of TCE (210 μg/L) was observed in well 
IS47MW04, the same well with the highest concentration of PCE (2,700 μg/L). Figure 2-4 
also shows the isoconcentration plot for cis-1,2-DCE. The highest concentration was 110 
μg/L detected in the sample from monitoring well IS47MW04. The plume extends north to 
IS47MW01 (15 μg/L), south to IS47MW05 (7 μg/L), and east to RI47MW101 (1 μg/L). Based 
on the outline of the plume, the primary source may have been a now-degraded release of 
PCE and/or TCE in the vicinity of Building 856.  

An isoconcentration plot for VC was not created because it was not detected in any of the 
wells sampled during the pre-FS investigation in 2004. VC, however, was detected during 
the RI at relatively low concentrations ranging from 1 μg/L to 68 μg/L. An isoconcentration 
plot presented in the RI report showed the outline of the plume, as with DCE, suggests the 
primary source may have been a now-degraded release of PCE and/or TCE in the vicinity 
of Building 856. The plume extended to the south rather than to the east in the direction of 
groundwater flow, suggesting that the shape of the plume depends more on the rate of 
degradation of the parent products than groundwater flow direction. 

2.2.1.3 1,1,2,2-Tetrachloroethane  

1,1,2,2-tetrachloroethane (1,1,2,2-TCA) was detected at low concentrations during the RI and 
pre-FS investigation, with the highest concentration of 8 μg/L detected in a groundwater 
sample at monitoring well IS47MW04, as depicted on Figure 2-5. While it presently is rarely 
used as an end product, 1,1,2,2-TCA can be used in the manufacturing process to produce 
TCE, PCE, and cis-1,2,-DCE. It can also be used as a solvent for cleaning metals; in paint 
removers, varnishes, and lacquers; in photographic films; as an extractant for oils and fats; 
and in pesticides. It may also be an intermediate byproduct of chemical production activities 
(CH2M HILL, 2003).  

2.2.1.4 1,2-Dichloroethane 

Figure 2-5 also shows the isoconcentration plot for 1,2-DCA. The plume appears to have 
originated in the vicinity of Building 856. The highest concentration detected during the pre-
FS investigation sampling event was 61 μg/L, obtained from IS47MW04. Well IS47MW10 
has a concentration of 23 μg/L.  

                                                      
1 Location not shown in Figure 2-4. 
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DCA is not a common industrial chemical, although it is or was a component of various rug 
and upholstery cleaners; tar and wax removers; paint, varnish, and finish removers; soaps 
and scouring compounds; insecticides; and grain, household, and soil fumigants; and has 
been used as a lead scavenger in gasoline. It may also be a degradation product of 1,1,2,2-
TCA. 1,1,2,2-TCA was detected at an estimated concentration of 1 μg/L from the sample 
obtained from monitoring well IS47MW04. Additionally, 1,1,2,2-TCA was detected in the RI 
samples from wells IS47GW31 (1 μg/L) and IS47GW34 (4 μg/L), which are located in the 
approximate location of the former barium pit.  

The highest 1,2-DCA concentration (1,580 μg/L) was detected in DPT groundwater sample 
RI47GW15 during the 1999 sampling event. This area is approximately 75 feet south of 
Building 0607 and approximately 500 feet southeast of Building 856, suggesting the center of 
the plume is moving towards the Site 8 Swale. During the July 2004 sampling event, DCA 
was not detected in this specific area; however, it could still be present at higher 
concentrations in the area between IS47MW10 and IS47MW18 because samples were not 
obtained from this area. It is also possible, given the areal extent of the plume, that there 
were multiple sources.  

2.2.1.5 Carbon Disulfide 

Carbon disulphide was detected at a concentration of 4,700 μg/L in monitoring well 
IS47MW04. It was also detected in lower concentrations in wells IS47MW03 (19 μg/L) to the 
north and IS47MW12 (0.11 μg/L) to the south. Figure 2-6 shows the concentrations of 
carbon disulfide in groundwater. 

Carbon disulfide can be used as a solvent in metal treatment and plating. Carbon disulfide 
is extremely volatile and evaporates at room temperature. The low value of the Henry’s Law 
Constant (1.01E-02 atmosphere cubic meters per mol (atm-m3/mol)) suggests that carbon 
disulfide would readily partition into the gas phase. Carbon disulfide also has a low organic 
carbon partition coefficient value of 54, indicating that it has a low tendency to exist as an 
adsorbed phase. These characteristics suggest that carbon disulfide would not be distributed 
widely in groundwater. 

2.2.1.6 Potential Presence of DNAPLs  

Because the detected concentrations of CT have been consistently high in monitoring wells 
IS47MW03 and IS47MW04 between 2001 and 2004, it is likely that it is present as a DNAPL 
in presumably small/isolated areas in these wells. 

Chlorinated solvents likely were used as separate-phase liquids in operations at or around 
Building 856. Some of these DNAPLs may have been released into the unsaturated zone. 
CT, PCE, and TCE are the chemicals most likely to have been used at Site 47; other detected 
organic chemicals are likely to be degradation products and impurities. 

In the subsurface, because the densities of CT, PCE, and TCE are all greater than the density 
of water (1 gram per cubic centimeter), these compounds behave as DNAPLs when 
released. DNAPL will migrate downward through the saturated water column until 
residual saturation is reached, or a lower permeability medium is encountered that retards 
or slows downward movement. A relatively small fraction will also sorb to organic material 
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in the saturated zone. These residual and sorbed phases will act as a continuing source of 
dissolved phase contamination. 

The presence of residual DNAPL is a key factor in assessing remedial alternatives for 
contaminated groundwater. Chlorinated solvents were detected infrequently and at low 
concentrations in soil, well below any likely saturation values2 based on the total organic 
carbon concentrations. Accordingly, there is no analytical evidence to indicate the potential 
presence of continuing sources in soil or the unsaturated zone.  

A commonly accepted “rule-of-thumb” indicating that DNAPL may be present is dissolved 
concentrations greater than 1 percent3 of the effective solubility limit (EPA, 1994). Because 
several organic phases may be present, the effective solubility is inherently less than pure 
water solubility. Groundwater quality data suggest that DNAPL likely is present in the 
saturated zone, probably as a residually saturated phase that is immobile. Dissolution will 
transfer contaminant mass from residually saturated DNAPL to the aqueous dissolved 
phase, contaminating groundwater. Table 2-2 shows the comparison of the maximum 
detected concentrations of the primary released contaminants, such as CT, PCE, TCE, TCA, 
and DCA, and the concentrations indicating 1 percent of the effective solubility limits for 
these compounds. As shown in Table 2-2, the concentrations of CT and PCE in wells 
IS47MW03 and IS47MW04 exceeded 1percent of their respective pure-phase solubility; 
therefore, CT and PCE are inferred to be present as DNAPLs. 

Figure 2-7 is a graphical presentation of DNAPL movement among contaminant phases and 
environmental media. 

2.2.2 Inorganics  
The discussion on inorganics in this section is based on data obtained from the monitoring 
well samples. Inorganic data obtained during the DPT groundwater sampling were used 
primarily as a screening tool.  

Approximately 20 metals were detected in unfiltered and filtered4 groundwater during the 
2001 sampling event. Ten of these metals (barium, calcium, chromium, cobalt, copper, 
magnesium, nickel, sodium, vanadium, and zinc) were detected at concentrations above 
their respective background 95 percent upper confidence limit (% UCL) (Tetra Tech, 2002). 
Background data were not available for antimony, arsenic, beryllium, lead, thallium, and 
cyanide. Although calcium, magnesium, and sodium were detected above their 95 percent 
UCL background values, their concentrations were in the same order of magnitude as the 
background values.  In addition, these elements are considered to be nutrients and 
commonly associated with weathering of the subsurface formation materials. Therefore, no 
discussion on these metals is presented. Concentrations of select unfiltered and filtered 
metals in groundwater, which were identified as constituents of potential concern (COPCs) 
in Section 2.4, are depicted on Figures 2-8 and 2-9, respectively.  

                                                      
2 Saturation values are calculated soil concentrations that, based on partitioning theory, indicate that all environmental media 
in which the chemical can reside (i.e., groundwater, sorbed, and gaseous phases) are saturated to their respective capacities. 
3 Some practitioners use a value of 10 percent of the solubility limit. EPA guidance recommends the more conservative 
1 percent as a screening level (EPA, 1994). 
4 0.45 micron filter. 
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Unfiltered arsenic was detected in groundwater samples collected at five monitoring wells 
(IS47MW01, IS47MW02, IS47MW04, IS47MW05, and IS47MW08 ) at concentrations ranging 
from 2.4 μg/L to 147 μg/L. Filtered arsenic was detected in the same wells, except 
IS47MW08, at concentrations ranging from 12.1 μg/L to 138 μg/L. The maximum 
concentrations were observed in monitoring well IS47MW04. 

Unfiltered and filtered barium were detected in groundwater samples collected at all 10 
monitoring wells (IS47MW01 through IS47MW10) at concentrations ranging from 3.5 μg/L 
to 346 μg/L and 4.8 μg/L to 266 μg/L, respectively, exceeding its background value of 139 
μg/L. The maximum detections were observed in monitoring well IS47MW06. 

Unfiltered chromium was detected in groundwater samples collected at four monitoring 
wells at concentrations ranging from 1.5 μg/L to 13.5 μg/L. Filtered chromium was detected 
in eight wells at concentrations ranging from 0.9 μg/L to 22.5 μg/L. The respective 
background concentration is 16.4 μg/L. The maximum detections were observed in well 
IS47MW06 for unfiltered and well IS47MW02 for filtered chromium. 

Unfiltered and filtered cobalt were detected in groundwater samples collected from all 10 
monitoring wells (IS47MW01 through IS47MW10) at concentrations ranging from 2.3 μg/L 
to 50.5 μg/L and 3.6 μg/L to 61.5 μg/L, respectively. The facility-wide background value for 
cobalt is 15.6 μg/L. The maximum detections were observed in well IS47MW04. 

Unfiltered and filtered copper were detected in groundwater samples collected from eight 
monitoring wells at concentrations ranging from 1.4 μg/L to 14.5 μg/L and 0.7 μg/L to 79.9 
μg/L, respectively. The facility-wide background value for copper is 22.4 μg/L. The 
maximum detections were observed in well IS47MW06 for unfiltered and well IS47MW07 
for filtered copper. 

Unfiltered and filtered nickel were detected in groundwater samples at all 10 wells 
(IS47MW01 through IS47MW10), except IS47MW05, at concentrations ranging from 2.1 
μg/L to 36 μg/L and 2.2 μg/L to 75.5 μg/L, respectively. The facility-wide background value 
for nickel is 16.6 μg/L. The maximum detections were observed in well IS47MW06 for 
unfiltered and well IS47MW07 for filtered copper. 

Thallium was detected in unfiltered groundwater samples and two groundwater filtered 
samples collected at three monitoring wells at concentrations ranging from 5.6 to 6.5 μg/L 
and 3 to 3.5 μg/L, respectively. No background value exists for thallium. 

Vanadium was detected in filtered groundwater samples collected at eight monitoring wells 
at concentrations ranging from 1.1 to 63.8 μg/L. The facility-wide background value for 
vanadium is 20.9 μg/L. 

Unfiltered and filtered zinc were detected in groundwater samples collected from all 10 
monitoring wells (IS47MW01 through IS47MW10) at concentrations ranging from 30.6 μg/L 
to 120 μg/L and 23.4 μg/L to 134 μg/L, respectively. The facility-wide background value is 
45.2 μg/L. The maximum detections in groundwater were observed in well IS47MW04 for 
unfiltered and well IS47MW06 for filtered zinc. 
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Lastly, cyanide was detected in five samples (IS47MW06 through IS47MW10) at 
concentrations ranging from 137 μg/L to 23,200 μg/L. However, given the groundwater 
flow patterns at Site 47, no trend is discernable.  

As part of the pre-FS investigation, groundwater from four monitoring wells (IS47MW03 
through IS47MW05, and IS47MW08) were sampled and analyzed for EPA SW-846 Target 
Analyte List filtered and unfiltered metals and four wells (IS47MW03, IS47MW06 and 07, 
and IS47MW09) were sampled and analyzed for cyanide.  

In general, an increase of metal concentrations was observed in both unfiltered and filtered 
samples, primarily in well IS47MW04, the likely contaminants’ source location, suggesting 
potential metal mobilization from the aquifer materials because of the low pH and aquifer’s 
reducing conditions. 

Aluminum detections were observed in all filtered and unfiltered groundwater samples 
from four monitoring wells at concentrations ranging from 374 μg/L to 9,870 μg/L and 363 
to 10,200 μg/L, respectively. The maximum detections were observed in well IS47MW04. 
The 95 percent UCL background value for unfiltered aluminum is 9,620 μg/L. This was an 
increase from the 2001 maximum values of 6,740 μg/L for the unfiltered and 5,190 μg/L for 
the filtered samples. 

Unfiltered arsenic was detected in three wells (IS47MW04, IS47MW05, and IS47MW08) at 
concentrations ranging from 2.4 μg/L to 147 μg/L, with the maximum detections observed 
in well IS47MW04. Filtered arsenic was detected in one well, IS47MW04, at a concentration 
of 139 μg/L. No background value exists for arsenic. An increase in arsenic in well 
IS47MW04 may be the result of the reducing condition of the aquifer in this area causing 
mobilization of arsenic from the aquifer material (Figures 2-10 and 2-11). 

Barium detections were observed in unfiltered groundwater samples collected at three 
monitoring wells at concentrations of 30.1 μg/L to 222 μg/L and in filtered samples from 
two monitoring wells at concentrations of 88 μg/L to 225 μg/L. The facility-wide 
background concentration is 139 μg/L. 

Unlike the 2001 analytical groundwater results, cadmium and iron concentrations obtained 
in 2004 exceeded their background values of 2.8μg/L and 19,900 μg/L, respectively. Their 
concentrations were detected in all four monitoring wells, and ranged from 0.41 μg/L to 4.0 
μg/L for cadmium and 2,920 μg/L to 61,100 μg/L for iron in the unfiltered samples and 0.25 
μg/L to 3.0 μg/L for cadmium and 226 μg/L to 62,300 μg/L for iron in the filtered samples, 
respectively. The maximum concentrations were observed in well IS47MW04 (Figures 2-10 
and 2-11).   

Chromium was only detected in the filtered groundwater samples from three monitoring 
wells at concentrations ranging from 1.4 μg/L to 13.0 μg/L, below its background value of 
16.4 μg/L. 

Cobalt detections were observed in all filtered and unfiltered groundwater samples from 
four monitoring wells at concentrations ranging from 6.2 μg/L to 206 μg/L and 5.5μg/L to 
207 μg/L, respectively. The maximum detections were observed in well IS47MW04, 
exceeding the background value of 15.6 μg/L. 
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Nickel was detected in three monitoring wells at concentrations ranging from 8.6 μg/L to 
159 μg/L in the unfiltered samples and 3.50 μg/L to 161 μg/L in the filtered groundwater 
samples, exceeding its background value of 16.6 μg/L. Similarly, vanadium and zinc 
concentrations were observed in groundwater samples at concentrations ranging from 3.10 
μg/L to 239 μg/L and 79.2 μg/L to 458 μg/L in the unfiltered samples and from 0.82 μg/L 
to 239 μg/L and 78.9 μg/L to 460 μg/L in the filtered samples. The facility-wide background 
concentrations are 20.9 μg/L and 45.2 μg/L for vanadium and zinc, respectively. 

Thallium was detected in groundwater sampled at monitoring IS47MW04 at a concentration 
of 3.9 μg/L in the unfiltered sample and 3.8 μg/L in the filtered sample. No background 
concentration exists for this compound (Figures 2-10 and 2-11).  

Vanadium was detected in groundwater at all of the sampled monitoring wells at 
concentrations ranging from 3.1 μg/L to 239 μg/L in the unfiltered samples and 0.82 μg/L 
to 239 μg/L in the filtered samples. No background concentration exists for this compound. 
(Figures 2-10 and 2-11). 

Lastly, concentrations of cyanide were observed as below the detection limits, even in well 
IS47MW07 where the detection was recorded as high as 23, 200 μg/L in 2001. 

2.2.3 Geochemical and Natural Attenuation Indicators 
As part of the pre-FS investigation, geochemical parameters and NA indicators were 
analyzed to assess the contaminant behavior and natural processes that affect them. Table  
2-3 summarizes the results of the geochemical indicators (pH, temperature, oxidation 
reduction potential [ORP], conductivity, and alkalinity) and NA indicators (methane, 
ethane, ethene, nitrate/nitrite, sulfate/sulfide, and iron (II)) for the Site 47 shallow 
groundwater. 

2.2.3.1 Geochemical Indicators 

The pH of groundwater samples ranged from 3.77 to 6.38. The lowest end, observed in well 
IS47MW04, which is considered as the hot spot, was outside the optimal range for 
biodegradation of the chlorinated organics via reductive pathways. The low pH condition in 
this well may be contributed by accumulation of hydrogen and chloride ions because of the 
PCE and TCE degradation and the low buffering capacity of the aquifer. The optimal pH 
range for reductive degradation pathways of chlorinated organics is between 5 and 9.  

Temperature affects the types and growth rates of bacteria that can be supported in the 
subsurface environment, with higher temperatures generally producing higher growth 
rates. Temperatures in the groundwater system varied from 19.69°C to 25.36°C, which are 
moderate temperatures for groundwater, suggesting conditions where biochemical 
processes are accelerated, although this is likely biased by seasonal conditions during 
sampling events. 

Conductivity data help determine whether sampling points are from the same 
hydrogeologic zones. Generally, groundwater appears to be from the same zones. 
Differences reflect contributions from the silty clay and clay units compared to the sand 
unit, and lower conductivity suggests contributions from rain water. Conductivity values 
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ranged from 0.099 milliSiemens per centimeter (mS/cm) to 0.627 mS/cm, suggesting that 
the groundwater appears to be from the same zones. 

The rates of biodegradation via reductive pathways of PCE, CT, and 1,1,2,2-TCA generally 
increase as ORP decreases. Approximately 99 percent of biological transformation was 
found at an ORP less than -200 millivolts (mV), but only 25 percent biological 
transformation occurred at an ORP greater than zero (Jin and Englande, 1997). ORP 
provides a measurement of electron density and is indicative of electrochemical activities of 
groundwater. As oxygen is removed and a system becomes reduced, there is a 
corresponding increase in the electron density, resulting in progressively lower oxidation 
potential. Figure 2-12 shows the general range of redox potentials, measured as Eh (Eh = 
ORP (mV) +240 mV) for various electron acceptors. The ORP measurements ranged from -
115 to 222 mV (Eh 355 to 462)5. These values fall within the possible range for complete 
reductive dechlorination to occur; however, this range is still outside of the optimal range 
for reductive dechlorination processes. Therefore, NA of CT is likely to occur at an 
environmentally slow rate at Site 47 because of the slight reducing conditions currently 
present. 

Anaerobic bacteria for NA of chlorinated solvent cannot function when dissolved oxygen 
(DO) is greater than 5 milligrams per liter (mg/L) and functions optimally when the DO is 
less than 0.5 mg/L. DO levels during the 2004 pre-FS investigation sampling ranged from 
0.34 mg/L to 4.89 mg/L. The DO levels within the “hotspot” (highest detection of CT) 
monitoring wells IS47MW03 and IS47MW04 were between 2.4 mg/L and 4.0 mg/L. DO 
levels within the range of 0.5 mg/L to 5 mg/L may accommodate a suppressed rate of 
reductive dechlorination. Therefore, DO measurements further provide evidence that a very 
limited NA of chlorinated solvents is likely at Site 47. 

2.2.3.2 Dominant Terminal Electron Accepting Process 

Microorganisms use energy stored in chemical bonds to conduct cellular functions and 
reproduction. Microorganisms will preferentially use terminal electron accepting redox 
reactions that yield the greatest free energy. 

Nitrate will be the next favorable electron acceptor after DO has been depleted. Starting 
with the utilization of nitrate, biodegradation occurs under anaerobic conditions. When iron 
(III) is used as an electron acceptor during anaerobic biodegradation of petroleum 
hydrocarbons, it generates iron (II). Sulfate may be used as an electron acceptor after the 
depletion of oxygen, nitrate, and iron (III), resulting in the decrease of sulfate concentration 
and generation of sulfide. Lastly, during methanogenesis, either carbon dioxide or acetate is 
used as an electron acceptor, resulting in the generation of methane. The presence of 
methane in groundwater is indicative of strongly reducing conditions (EPA, 1998). 

Table 2-4 presents the assessment of the dominant terminal electron accepting process 
(TEAP) in select wells at Site 47. The dominant TEAPs occurring in Site 47 shallow 
groundwater, as identified in Table 2-4, are in general iron reduction, except in the area of 
well IS47MW03, where the dominant process may be denitrification. Although low sulfate 

                                                      
5 Measured using a Horiba flow-through cell. 
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concentrations were observed in monitoring wells IS47MW04, 05, 16, and 18, this condition 
may not represent a sulfate-reducing environment because of the low detection of sulfide. 

Reductive dechlorination can occur under redox conditions ranging from those present 
during denitrification through methanogenesis; each successive dechlorination requires a 
more reduced environment to maintain a rapid dechlorination rate (EPA, 1998). Because 
Table 2-4 indicates that the microbial population has not exhausted the supply of higher 
energy-yielding terminal electron acceptors, attenuation of CT, PCE, and TCE is likely 
occurring at relatively slow rates, supporting the interpretation of the preliminary screening 
results. 

2.2.4 Soil Oxidant Demand 
The soil oxidant demand (SOD) test was used to determine the amount of a nonselective 
oxidant (permanganate in this test) needed to oxidize natural organic matter and reduce 
mineral species in the soil matrix and groundwater in addition to the stoichiometric demand 
exerted by contaminants. 

The results of the SOD test are reported in term of grams of potassium permanganate 
consumed per kilograms of soil (g KMnO4/kg soil) within a 48-hour contact time (Appendix 
C). Two tests were performed. In the first test, the soil sample was tested in deionized water 
and the result was between 1.3 to 1.4 g KMnO4/kg soil. In the second test, the soil sample 
was tested in Site 47 shallow groundwater and the result was reported between 1.9 to 2.0 g 
KMnO4/kg soil. 

2.3 Summary of Risk Assessments 
This section summarizes the HHRA performed during both RI and FS phases and the ERA 
performed during the RI, as they pertain to the shallow groundwater. 

2.3.1 Human Health Risk Assessment 

2.3.1.1 Overview of RI HHRA and FS HHRA 

The baseline HHRA presented in the Final RI Report was updated to incorporate the 2004 
pre-FS investigation data for this FS. The HHRA update, referred to as the FS HHRA in this 
report, was necessary because the baseline HHRA submitted in the Final RI report included 
analysis of groundwater samples collected using DPT methods. Groundwater samples 
collected via DPT do not meet data quality objectives for HHRA, and, therefore, were not 
evaluated quantitatively in the baseline HHRA.  

Two assessments were presented in the FS HHRA, hot spot and plume assessments. The RI 
documented that the apparent source of groundwater contamination was in the vicinity of 
Building 856 (CH2M HILL, 2003). This area was treated as a hot spot in the FS HHRA to 
include monitoring wells IS47MW03 and IS47MW04. EPA Region III guidance on 
determining appropriate exposure concentrations in groundwater (EPA, 1991) states that it 
is inappropriate to calculate the UCLs for constituents in groundwater if hot spots or areas 
of higher constituent concentrations exist. In these instances, the estimated UCL may 
underestimate exposure to receptors in the subarea with higher constituent concentrations. 
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The first assessment included exposure to groundwater represented by monitoring wells at 
Site 47. This assessment is consistent with the manner in which exposure to groundwater 
was treated in the RI (CH2M HILL, 2003) but incorporated the 2004 pre-FS investigation 
data. The second assessment included in the FS HHRA excluded the hot spot area (e.g., 
monitoring wells IS47MW03 and IS47MW04) from the analysis. This assessment will help 
determine whether contact with groundwater at the rest of Site 47 would be expected to 
pose an unacceptable risk. These calculations were included to facilitate decisions regarding 
remediation at the rest of Site 47. In other words, it can be used to help determine whether 
remediation at Site 47 should be focused just on the area near Building 856, or whether 
remediation at other parts of site would be warranted to protect human health. 

The FS HHRA supersedes the baseline HHRA only as it relates to groundwater; the baseline 
HHRA analysis and conclusions regarding surface soil, combined surface and subsurface 
soil, sediment, surface water, and concrete are not modified by the FS HHRA. 

The FS HHRA has been prepared using the same assumptions and exposure pathways that 
were evaluated in the baseline HHRA (CH2M HILL, 2003). The risk assessment incorporates 
the general methodology described in Risk Assessment Guidance for Superfund, Volume 1, 
Human Health Evaluation Manual, Part A, Interim Final (EPA, 1989) and Part E (EPA, 2001), 
and EPA Region III technical guidance manuals for risk assessment (EPA, 1992; 1993). 
Updated methodologies were applied when they were available, so this FS HHRA reflects 
the most current scientific principles. Detailed results of the FS HHRA are included in 
Appendix D. 

Shallow groundwater in the vicinity of Site 47 is not currently used and is not expected to be 
used in the future as a potable water supply at the facility. However, to provide a 
conservative assessment of groundwater quality at the site, the groundwater data from the 
site were evaluated in the risk assessment assuming residential potable exposures. Risks 
were also calculated for a construction worker who may be exposed to the groundwater in 
an open excavation during construction activities. Risk estimates for exposure to 
groundwater were calculated for the potential future child and adult residents and 
construction worker. It was assumed that a residential user could ingest the water, have 
dermal contact while bathing, or inhale volatiles while showering (adult only). A 
construction worker might experience dermal contact with the shallow groundwater or 
inhale volatiles from groundwater in an open excavation. 

2.3.1.2 Summary of Total Risks at Site 47 

Table 2-5 summarizes the reasonable maximum exposure (RME) risks for Site 47. Table 2-6 
summarizes the central tendency exposure (CTE) risks at Site 47. Both tables also present the 
risks for the overall groundwater and the groundwater without the hot spot. 

Potentially unacceptable risks were identified for all residents and construction workers 
exposed to groundwater at Site 47. Although the risks are driven by contact with VOCs near 
Building 856, the evaluation of exposure to groundwater without including the monitoring 
wells near Building 856 (IS47MW03 and IS47MW04) suggests that exposure to groundwater 
across the site could result in potentially unacceptable health effects.  
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2.3.2 Ecological Risk Assessment 
In the RI, a screening ecological risk assessment (SERA) was performed for Site 47. The 
SERA identified no COPCs for ecological receptors were identified in groundwater.  

2.4 Final Constituents of Concern 
Figure 2-13 describes the COC selection process for Site 47 groundwater.  

The first step for selecting COCs is to identify the COPCs. During the FS HHRA, as required 
by EPA Region III, COPCs were identified by comparing the maximum detected chemical 
concentrations in groundwater from the monitoring wells at Site 47 to the Region III tap 
water risk-based concentrations (RBCs) (EPA, 2004a). The noncarcinogenic effect RBC 
values were adjusted by dividing the values by 10 to account for exposure to multiple 
constituents. Constituents with maximum detected concentrations above the adjusted RBCs 
were retained as COPCs. Table 2-7 lists the COPCs for the shallow groundwater at Site 47. 

The next screening step was to define COPCs that pose individual carcinogenic risks greater 
than 1 x 10-6 and contribute to cumulative carcinogenic risks greater than 1 x 10-4 or an 
individual noncarcinogenic hazard of greater than 0.1 and cumulative target-organ-specific 
noncarcinogenic hazards of greater than 1.0. The next step is considered a risk management 
step, in which COPCs were compared to facility-wide background concentrations (Tetra 
Tech NUS, Inc., 2002). If the concentration of a COPC exceeds the background value, the 
constituent is considered as a COC. Table 2-8 compares the maximum detected concentrations 
of the primary risk driver COPCs and the facility-wide background concentrations for the 
shallow groundwater at Site 47. The shaded areas indicate the case where the maximum 
detected concentrations of the COPCs weree below the background, and therefore are not 
considered as COCs. The COCs for Site 47 shallow groundwater are 1,1,2,2-TCA, 1,2-DCE, 
carbon disulfide, CT, cis-1,2-DCE, CF, PCE, TCE, VC, arsenic, iron, thallium, and vanadium. 

Although cyanide contributed to the noncancer hazards for future residents, remedial action 
is not warranted. Cyanide was detected at a high concentration of 23,000 mg/L in a well 
north of Building 856; the duplicate sample, however, was much lower (137 mg/L). Cyanide 
was not detected in any downgradient wells. The denitrifying conditions will not influence 
the oxidation states of cyanide. Cyanide is not considered a widespread COC at Site 47 
because of its isolated detection and the absence of detections downgradient. 

Similarly, benzene and bis(2-ethylhexyl)phthalate contributed to the risks for a future 
lifetime resident exposed to shallow groundwater at Site 47. However, benzene was 
detected in a single sample (IS47MW04-0704) at an estimated concentration (5 J6 μg/L) 
equal to the maximum contaminant level (MCL). Bis(2-ethylhexyl)phthalate was detected in 
three groundwater samples at Site 47 at concentrations ranging from 1.3 J μg/L to 5.1 J 
μg/L. The maximum detected concentration was the only exceedance of the Region III RBC 
for tap water (4.8 μg/L). All detected concentrations of bis(2-ethylhexyl)phthalate were less 
than the MCL (6 μg/L) (EPA, 2002). For these reasons, benzene and bis(2-
ethylhexyl)phthalate are not considered to exist as “plumes”; therefore, they are not 
considered COCs at Site 47. 

                                                      
6 J qualifier indicated that concentration was estimated. 
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Similarly, naphthalene is not considered to exist as plumes because it was only detected in 
two samples and moreover, the CTE hazard index did not exceed 1.0; therefore, it is not 
considered a COC at Site 47. 
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TABLE 2-1 
Field Activities During RI 
Site 47 Feasibility Study  
NSF-IH, Indian Head, Maryland 

Phase Field Activity 

July 6 –14, September 23, 1999 and 
January 5, 2000 

Installation of 4 groundwater monitoring wells - IS47MW 01 through IS47MW04. 
IS47MW01 serves as the upgradient well and the remaining as downgradient wells. 

Two rounds of groundwater samplings: July 13, 1999 for low concentration (LC) VOCs, 
TCL SVOCs, TAL filtered and unfiltered metals, cyanide, explosives, nitroglycerin, 
nitroguanidine, and PETN and January 5, 2000 for perchlorate. All samples were analyzed 
for field parameters (pH, conductivity, ORP, turbidity, DO, and temperature). 

March – April, 2001 Membrane Interface Probe/Electric Conductivity (MIP/EC) survey at 11 locations (BH-01 
and 02, and MIP-01 – MIP-09) and 12 in situ groundwater sampling (IS47GW01 – 
IS47GW12) collected at two depths and analyzed for VOCs and filtered TAL metals. 

Installation of 6 monitoring wells (IS47MW 05 – IS47MW10) based on the MIP/EC and in 
situ samples results. 

Two rounds of groundwater samplings: 

April 9 and 10, 2001: IS47 MW01 – 10 for TCL SVOCs, explosives, perchlorate, TOC, and 
MNA parameters. ISMW01 – 04 and IS47 MW08 for TCL VOCs; IS47MW05 – 07, 09, and 
10 for LC VOCs. 

April 16, 2001: IS47MW01 – 10 for filtered and unfiltered TAL metals, cyanide, 
manganese, and ferrous iron. 

All samples were analyzed for field parameters (pH, conductivity, ORP, turbidity, DO, and 
temperature). 

October – November 2001 MIP/EC survey at 10 locations (MIP-10 – MIP-20) and 10 DPT groundwater samples 
(RI47GW13 – RI 47GW22) for LC VOCs analysis. 

Collection of 1 seep sample (IS47SP01) at an unknown swale just north of the Site 8 
Swale for TCL VOCs analysis. 

June – August 2002 MIP/EC survey at 18 locations (MIP-21 – MIP-39) and 19 in situ groundwater samples 
(IS47GW23 – IS47GW43) for LC VOCs analysis, except IS47GW43. 

Installation of 5 monitoring wells (IS47MW11 – IS47MW15). 

September 25 – 27, 2002 Groundwater sampling from IS47MW03 and 04 for TCL VOCs analysis and IS47MW 11-15 
for LC VOCs, MNA parameters, and TOC. All samples were analyzed for field parameters 
(pH, conductivity, ORP, turbidity, DO, and temperature). 

Notes: DO Dissolved oxygen 
NA Natural attenuation (Parameters include sulfate, nitrate, chloride, ferrous iron, methane, ethane, and ethene.) 

 LC Low concentration 
 ORP Oxidation reduction potential 
 PETN Pentaerythritol tetranitrate 
 SVOCs Semivolatile organic compounds 
 TAL Target analyte list 
 TCL Target compound list 
 TOC Total organic carbons 
 VOCs Volatile organic compounds 
 



TABLE 2-2 
Comparison of Maximum Detected Concentrations vs. 1 Percent Effective Solubility Concentrations 
Site 47 Feasibility Study  
NSF-IH, Indian Head, Maryland 

Source 
Compound 

Historical Max. 
(μg/L) / Location 

2004 Max (μg/L) / 
Location 

1% Pure Solubility 
(μg/L)3 

5% Pure Solubility 
(μg/L) 

CT1 100,000 / IS47MW03 39,000 / IS47MW04 7,930 39,650 

PCE 2,700 / IS47MW04 2,700 / IS47MW04 2,000 10,000 

TCE 210 / IS47MW04 210 / IS47MW04 11,000 55,000 

TCA 8 / IS47MW04 8 / IS47MW04 29,700 148,500 

DCA (1,2-DCA)2 61 / IS47MW04 61 / IS47MW04 85,000 425,000 

Notes: 
1 Concentration in RI47GW03, a direct push sample taken at the location of IS47MW03 in 1999 was 286,340 μg/L. 
2 Concentration in RI47GW03 in 1999 was 715.6 μg/L. 
3 Source for aqueous solubility: EPA. 2004. In Situ Thermal Treatment of Chlorinated Solvents – Fundamentals and Field 

Applications. EPA 542-R-04-010. 

 

TABLE 2-3 
Geochemical and Natural Attenuation Indicators during pre-FS Investigation 

Site 47 Feasibility Study  
NSF-IH, Indian Head, Maryland 

Well IS47MW03 IS47MW04 IS47MW05 IS47MW08 IS47MW10 IS47MW16 IS47MW17 IS47MW18

Methane (mg/L) 0.025U 0.025U 0.025U 0.025U 0.025U 0.025U 0.025U 0.025U 

Ethane (mg/L) 0.013U 0.12 0.5 0.013U 0.013U 0.13 0.039 8 

Ethene (mg/L) 0.033U 0.033 0.033U 0.033U 0.033U 0.033U 0.033U 0.033U 

Nitrate (mg/L) 1.8 0.025U 0.025U 2.4 0.093 0.29 0.11 0.066 

Nitrite (mg/L) 0.025U 0.025U 0.13 0.025U 0.025U 0.025U 0.025U 0.025U 

Sulfate (mg/L) 13 8.7B 9.6 13 13 17 14 5.9 

Sulfide (mg/L) 0.13 0.37 0.03U 0.035 0.03U 0.041 0.11 0.03U 

Iron (II) (mg/L) 0.9 6.7 5.3 4 0.9 8.2 2.2 10 

DO (mg/L)2 4.0 2.4 0.34 4.89 1.6 0.95 0.8 0.93 

Alkalinity (mg/L) 20U See Note 1 20U 20U 20U 77 20U 190 

ORP (mV) 136 125 -9 222 214 -35 189 -115 

pH  5.35 3.77 5.33 5.12 4.83 6.00 4.783 6.38 

Temperature (oC) 23.02 21.93 19.69 23.05 18.70 21.60 21.15 25.36 

Conductivity (ms/cm)3 0.152 0.617 0.223 0.099 0.627 0.240 0.069 0.449 

Notes: 
1 Samples was acidic, therefore, the lab was unable to perform the alkalinity test using the titration method. 
2 Taken using Hach field test kit and flow through cell measurement. Value selected represents the higher of the two methods 
3 ms/cm – milli Siemens per centimeter. 
4. U – Below detection levels; B – possible blank contamination. 
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TABLE 2-4 
Assessment of Dominant Total Electron Accepting Process (TEAP) 
Site 47 Feasibility Study 
NSF-IH, Indian Head, Maryland 

Monitoring Well Redox Couple Concentrations in mg/L 

Dates Sampled 
Dominant TEAP 

(Pathway) Indicative Redox Couple Concentrations (mg/L) 
Nitrate 
(NO3-N) 

Ferrous 
Iron (Fe+2)

Sulfate 
(SO4

-2) 
Sulfide

(S-2) 
Methane 

(CH4) (DO) mg/L

IS47MW03 Denitrification NO3>1,  Fe+2 <1,  SO4
-2>20, S-2<1 CH4 < 0.5 1.8 0.9  0.13 0.025U 

07/30/2004 Iron (III) Reduction NO3<1,   Fe+2 >1,  SO4
-2>20, S-2<1 CH4 < 0.5      

High CT concentration area Sulfate Reduction NO3<1,   Fe+2 >1,  SO4
-2<20, S-2>1 CH4 < 0.5   13   

  Methanogenesis NO3<1,   Fe+2 >1,  SO4
-2<20, S-2>1 CH4 > 0.5      

4.0 

IS47MW04 Denitrification NO3>1,  Fe+2 <1,  SO4
-2>20, S-2<1 CH4 < 0.5      

07/30/2004 Iron (III) Reduction NO3<1,   Fe+2 >1,  SO4
-2>20, S-2<1 CH4 < 0.5 0.025U 6.7  0.37 0.025U 

High CT concentration area Sulfate Reduction NO3<1,   Fe+2 >1,  SO4
-2<20, S-2>1 CH4 < 0.5   8.7 B   

 Methanogenesis NO3<1,   Fe+2 >1,  SO4
-2<20, S-2>1 CH4 > 0.5      

2.4 

IS47MW05 Denitrification NO3>1,  Fe+2 <1,  SO4
-2>20, S-2<1 CH4 < 0.5      

07/30/2004 Iron (III) Reduction NO3<1,   Fe+2 >1,  SO4
-2>20, S-2<1 CH4 < 0.5 0.025U 5.3  0.03U 0.025U 

 Sulfate Reduction NO3<1,   Fe+2 >1,  SO4
-2<20, S-2>1 CH4 < 0.5   9.6   

  Methanogenesis NO3<1,   Fe+2 >1,  SO4
-2<20, S-2>1 CH4 > 0.5      

0.34 

IS47MW16 Denitrification NO3>1,  Fe+2 <1,  SO4
-2>20, S-2<1 CH4 < 0.5      

07/30/2004 Iron (III) Reduction NO3<1,   Fe+2 >1,  SO4
-2>20, S-2<1 CH4 < 0.5 0.29 8.2  0.11 0.025U 

 Sulfate Reduction NO3<1,   Fe+2 >1,  SO4
-2<20, S-2>1 CH4 < 0.5   17   

  Methanogenesis NO3<1,   Fe+2 >1,  SO4
-2<20, S-2>1 CH4 > 0.5      

0.95 

IS47MW18 Denitrification NO3>1,  Fe+2 <1,  SO4
-2>20, S-2<1 CH4 < 0.5      

07/30/2004 Iron (III) Reduction NO3<1,   Fe+2 >1,  SO4
-2>20, S-2<1 CH4 < 0.5 0.066 10  0.03U 0.025U 

 Sulfate Reduction NO3<1,   Fe+2 >1,  SO4
-2<20, S-2>1 CH4 < 0.5   5.9   

  Methanogenesis NO3<1,   Fe+2 >1,  SO4
-2<20, S-2>1 CH4 > 0.5      

0.93 

Note: shaded area indicates the most dominant process. 
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TABLE 2-5 
Summary of RME Cancer Risks and Hazard Indices for Exposure to Groundwater 
Site 47 Feasibility Study  
NSF-IH, Indian Head, Maryland 

Receptor Media Exposure Route Cancer Risk 
Chemicals with 

Cancer Risks >10-4 
Chemicals with Cancer 

Risks >10-5 and <10-4 
Chemicals with Cancer 

Risks >10-6 and <10-5 HI Chemicals with HI>1 

Ingestion NA - - - 1,443 Carbon Tetrachloride, 
Chloroform, Tetrachloroethene, 
Arsenic, Cyanide, Iron, 
Thallium, Vanadium 

Dermal Contact NA - - - 370 Carbon tetrachloride, 
Chloroform, 
Tetrachloroethene 

Inhalation NA - - - 4,673 1,2-Dichloroethane, Carbon 
tetrachloride, Chloroform, 
naphthalene 

Groundwater 

Total NA - - - 6,486  
Ingestion NA - - - 38 Arsenic, Cyanide, Thallium 
Dermal Contact NA - - - 0.65 - 
Inhalation NA - - - 1.3 - 

Future Resident 
Adult 

Groundwater 
- minus hot 
spot 

Total NA - - - 40 - 
Ingestion NA - - - 3,367 Carbon tetrachloride, 

Chloroform, Tetrachloroethene, 
Arsenic, Cyanide, Iron, 
Thallium, Vanadium 

Dermal Contact NA - - - 831 Carbon tetrachloride, 
Chloroform, Tetrachloroethene, 
Vanadium 

Inhalation NA - - - NA - 

Future Resident 
Child 

Groundwater 

Total NA - - - 4,199 - 
Ingestion NA - - - 88 Trichloroethene, Arsenic, 

Cyanide, Iron, Thallium 
Dermal Contact NA - - - 1.7 - 
Inhalation NA - - - NA - 

Future Resident 
Child 

Groundwater 
- minus hot 
spot 

Total NA - - - 90 - 
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TABLE 2-5 
Summary of RME Cancer Risks and Hazard Indices for Exposure to Groundwater 
Site 47 Feasibility Study  
NSF-IH, Indian Head, Maryland 

Receptor Media Exposure Route Cancer Risk 
Chemicals with 

Cancer Risks >10-4 
Chemicals with Cancer 

Risks >10-5 and <10-4 
Chemicals with Cancer 

Risks >10-6 and <10-5 HI Chemicals with HI>1 

Ingestion 7.4E-02 Arsenic, Carbon 
tetrachloride, 

Tetrachloroethene 

1,1,2,2-
Tetrachloroethane; 1,2-

Dichloroethane; 
Trichloroethene, Vinyl 

chloride 

Benzene, BEHP NA - 

Dermal Contact 2.1E-02 Carbon 
tetrachloride, 

Tetrachloroethene 

Arsenic 1,1,2,2-
Tetrachloroethane; 
1,2-Dichloroethane; 

Trichloroethene; Vinyl 
chloride; BEHP 

NA - 

Inhalation 6.7E-02 Carbon tetrachloride, 
Chloroform, 

Tetrachloroethene 

1,1,2,2-
Tetrachloroethane; 

Trichloroethene 

1,1,2-Trichloroethane; 
Benzene; Vinyl 

chloride 

NA - 

Groundwater 

Total 1.6E-01    NA - 
Ingestion 1.3E-03 Arsenic, 

Tetrachloroethene 
Trichloroethene, Vinyl 

chloride 
1,2-Dichloroethane; 
Carbon tetrachloride

NA - 

Dermal Contact 4.5E-04 Tetrachloroethene  Carbon 
tetrachloride, 

BEHP, Arsenic 

NA - 

Inhalation 1.1E-04 - 1,2-Dichloroethane; 
Chloroform; 

Tetrachloroethene; 
Trichloroethene 

Carbon 
tetrachloride 

NA - 

Future Resident 
Adult/Child 

Groundwater 
- minus hot 
spot 

Total 1.8E-03 - - - NA - 
Ingestion NA - - - NA - 

Dermal Contact 3.3E-04 Carbon 
tetrachloride Tetrachloroethene - 215 Carbon tetrachloride and 

Chloroform 
Inhalation 1.3E-05 - Carbon tetrachloride Chloroform 20 Carbon tetrachloride 

Groundwater 

Total 3.4E-04 - - - 236 - 
Ingestion NA - - - NA - 
Dermal Contact 6.5E-06 - - Tetrachloroethene 0.60 - 
Inhalation 1.4E-06 - - - 0.43 - 

Future Construction 
Worker 

Groundwater 
- minus hot 
spot 

Total 3.5E-04 - - - 1.0 - 
BEHP - bis(2-ethylhexyl)phthalate 
NA - Not applicable, pathway incomplete. 
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TABLE 2-6 
Summary of CTE Cancer Risks and Hazard Indices for Exposure to Groundwater 
Site 47 Feasibility Study 
NSF-IH, Indian Head, Maryland 

Receptor Media 
Exposure 

Route 
Cancer 

Risk 
Chemicals with 

Cancer Risks >10-4 

Chemicals with 
Cancer Risks >10-5 

and <10-4 

Chemicals with 
Cancer Risks >10-

6 and <10-5 
Hazard 
Index Chemicals with HI>1 

Ingestion NA - - - 166 Carbon tetrachloride, 
Chloroform, Cyanide 

Dermal Contact NA - - - 40 Carbon tetrachloride 
Inhalation NA - - - 771 Carbon tetrachloride; 

Chloroform; 1,2-
Dichloroethane 

Future Resident 
Adult 

Groundwater  

Total NA - - - 977 - 

Ingestion NA - - - 2.6 Cyanide 

Dermal Contact NA - - - 0.070 - 
Inhalation NA - - - 0.45 - 

Future Resident 
Adult 

Groundwater - 
minus hot spot 

Total NA - - - 3.2 - 

Ingestion NA - - - 554 Carbon tetrachloride, 
Chloroform, Tetrachloroethene, 
Trichloroethene, Arsenic, 
Cyanide, Iron, Thallium, 
Vanadium 

Dermal Contact NA - - - 78 Carbon tetrachloride, 
Chloroform 

Inhalation NA - - - NA - 

Future Resident 
Child 

Groundwater  

Total NA - - - 632 - 

Ingestion NA - - - 8.8 Cyanide, Thallium 

Dermal Contact NA - - - 0.15 - 
Inhalation NA - - - NA - 

Future Resident 
Child 

Groundwater - 
minus hot spot 

Total NA - - - 8.9 - 
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TABLE 2-6 
Summary of CTE Cancer Risks and Hazard Indices for Exposure to Groundwater 
Site 47 Feasibility Study 
NSF-IH, Indian Head, Maryland 

Receptor Media 
Exposure 

Route 
Cancer 

Risk 
Chemicals with 

Cancer Risks >10-4 

Chemicals with 
Cancer Risks >10-5 

and <10-4 

Chemicals with 
Cancer Risks >10-

6 and <10-5 
Hazard 
Index Chemicals with HI>1 

Ingestion 7.1E-03 Carbon 
tetrachloride, PERC, 

Arsenic 

1,2-Dichloroethane; 
TCE; Vinyl chloride 

1,1,2,2-TCA; 
Benzene 

NA - 

Dermal Contact 1.5E-03 Carbon 
tetrachloride, PERC 

- TCE NA - 

Inhalation 5.8E-03 Carbon 
tetrachloride, 
Chloroform 

1,2-DCA; PERC 1,1,2,2-TCA; 
Benzene; TCE 

NA - 

Future Resident 
Adult/Child 

Groundwater - 
Site 47 

Total 1.4E-02 - - - NA - 

Ingestion 8.9E-05 - Tetrachloroethene, 
Vinyl chloride, 

Arsenic 

1,2-Dichloroethane; 
Carbon 

tetrachloride; 
Trichloroethene 

NA - 

Dermal Contact 1.3E-05 - - - NA - 
Inhalation 5.9E-06 - - 1,2-Dichloroethane; 

Chloroform; 
Tetrachloroethene 

NA - 

Future Resident 
Adult/Child 

Groundwater - 
minus hot spot 

Total 1.1E-04 - - - NA - 

Ingestion NA - - - NA - 

Dermal Contact 5.5E-05 - Carbon 
tetrachloride, PERC 

Pentachlorophenol 31 Carbon tetrachloride 

Inhalation 1.5E-04 - Carbon tetrachloride Chloroform 175 Carbon tetrachloride, 
Chloroform 

Future 
Construction 
Worker 

Groundwater  

Total 2.0E-04 - - - 206 - 

Ingestion NA - - - NA - 

Dermal Contact 4.8E-07 - - - 0.085 - 
Inhalation 1.5E-08 - - - 0.11 - 

Future 
Construction 
Worker 

Groundwater 
minus hot spot 

Total 5.0E-07 - - - 0.20 - 

NA - Not applicable, pathway incomplete. 
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TABLE 2-7 
List of COPCs for Shallow Groundwater 
Site 47 Feasibility Study 
NSF-IH, Indian Head, Maryland 

Groundwater Groundwater-Non Hot Spot1 

1,1,2,2-Tetrachloroethane 1,2-Dichloroethane 

1,1,2-Trichloroethane Bromochloromethane 

1,2-Dichloroethane Bromodichloromethane 

Benzene Carbon tetrachloride 

Bromochloromethane Chloroform 

Bromodichloromethane Tetrachloroethene 

Carbon disulfide Trichloroethene 

Carbon tetrachloride Vinyl chloride 

Chloroform cis-1,2-Dichloroethene 

Tetrachloroethene Naphthalene 

Trichloroethene bis(2-Ethylhexyl)phthalate 

Vinyl chloride Aluminum 

cis-1,2-Dichloroethene Arsenic 

trans-1,2-Dichloroethene Barium 

Naphthalene Chromium 

bis(2-Ethylhexyl)phthalate Cyanide 

Aluminum Iron 

Arsenic Manganese 

Barium Thallium 

Beryllium Vanadium 

Cadmium   

Chromium   

Cobalt   

Cyanide   

Iron   

Lead   

Manganese   

Nickel   

Thallium   

Vanadium   

 

                                                      
1 Outside the inferred residual DNAPL area. 
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TABLE 2-8 
Comparison between Primary Risk Drivers and Facility-Wide Background Concentrations for Shallow Groundwater 
Site 47 Feasibility Study 
NSF-IH, Indian Head, Maryland 

Overall Shallow Groundwater 

Maximum Conc. in 
Monitoring Wells 

(μg/L) 
Facility-Wide Background 

Conc. (μg/L) 

Volatile Organic COCs 

1,1,2,2-Tetrachloroethane 8 NA 

1,2-Dichloroethane 61 NA 

Carbon disulfide 4,700 NA 

Carbon tetrachloride 100,000 NA 

cis-1,2-Dichloroethene 120 NA 

Chloroform 39,000 NA 

Tetrachloroethene 2,700 NA 

Trichloroethene 210 NA 

Vinyl chloride 2 NA 

Inorganics 

Arsenic 147 ND 

Iron 61,100 49,869 

Manganese 452 824 

Thallium 6.5 NA 

Vanadium 239 20.9 

Note: Shaded area indicates eliminated COPC; all remaining COPCs become the site final COCs. 
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Figure 2-2
Interpreted Carbon Tetrachloride and

Chloroform Isoconcentration Contour Maps
Site 47 Feasibility Study

NSF-IH, Indian Head, Maryland

Notes:
1.  RI data were taken during multiple sampling
     events between 2001 and 2003.
2.  Pre-FS investigation was perfomed in July 2004.
     VOC samples were obtained from 8 Wells.
3.  Plume values are in ug/L.
4.  Outer boundary of plumes are based on
      MCLs (CT = 5 ug/L and CF = 5 ug/L).
5.   J labeled values are biased high.
6.Contours take into account direct push points
IS47GW30 through IS47GW39, sampled in June 2002
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Figure 2-4

Interpreted PCE, TCE, and
cis-1,2-DCE Isoconcentration Contour Maps

Site 47 Feasibility Study
NSF-IH, Indian Head, Maryland

Notes:
1.  RI data were taken during multiple sampling
     events between 2001 and 2003.
2.  Pre-FS investigation was perfomed in July 2004.
3.  Well IS47MW03 was formerly a location for
     direct push sample RI47GW03 taken in     7/13/99
      CT=286,340; CF=57,570; CE=59,259;CM=ND
4.  Wells outside of the plume were non detect.
5.   Plume values are in ug/L.
6.  Outer boundary of plumes are based on MCLs
     (PCE = 5 ug/L, TCE = 5 ug/L, cis-1,2-DCE = 7 ug/L).
7.   J labeled values are biased high.
8.   Contours take into account direct push points
       IS47GW30 through IS47GW39, sampled in June 2002
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Figure 2-5
Interpreted 1,1,2,2-Tetrachloroethane and 1,2-Dichloroethane

Isoconcentration Contour Maps
Site 47 Feasibility Study

NSF-IH, Indian Head, Maryland

Notes:
1.  RI data were taken during multiple sampling
     events between 2001 and 2003.
2.  Pre-FS investigation was perfomed in July 2004.
     VOC samples were obtained from 8 Wells.
3.  Plume values are in ug/L.
4.  Outer boundary is based on MCLs.
5.  No contour line is developed for 1,1,2,2-TCA
     because max detect concentration is below
     MCL (20 ug/L)
6.  Contours take into account direct push points 
     IS47GW30 through IS47GW39, sampled in June 2002
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FIGURE 2-7 
DNAPL Subsurface Partition Processes 

Site 47 Feasibility Study 
NSF-IH, Indian Head, Maryland
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FIGURE 2-12 
Redox Potential for Various Electron Acceptors 

Site 47 Feasibility Study 
NSF-IH, Indian Head, Maryland
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FIGURE 2-13 
COC Selection Diagram 
Site 47 Feasibility Study 

NSF-IH, Indian Head, Maryland 



 

SECTION 3 

RAOs, ARARs, SRGs, and Area of Attainment 

This section identifies the RAOs, ARARs, SRGs, COCs requiring remediation, and AA for 
remediation of Site 47 groundwater. In addition, an estimate of total contaminant mass and 
its distribution is also discussed in this section, which facilitated the screening of remedial 
technologies discussed in Section 4. As noted in Section 2, Site 47 groundwater is the only 
medium addressed in this FS. 

3.1 NCP and CERCLA Objectives 
The NCP requires that the selected remedy meet the following objectives: 

• Each remedial action selected shall be protective of human health and the environment 
(40 Code of Federal Regulations [CFR] 300.430 (f)(1)(ii)(A)). 

• Onsite remedial actions that are selected must attain ARARs that are identified at the 
time of the Record of Decision (ROD) signature (40 CFR 300.430(f)(1)(ii)(B)). 

• Each remedial action selected shall be cost-effective, provided that it first satisfies the 
threshold criteria set forth in 40 CFR 300.430 (f)(1)(ii)(A) and (B). A remedy shall be cost-
effective if its costs are proportional to its overall effectiveness (40 CFR 300.430 
(f)(1)(ii)(D)). 

• Each remedial action shall use permanent solutions and alternative treatment 
technologies or resource-recovery technology to the maximum extent practicable 
(40 CFR 300.430 (f)(1)(ii)(E)). 

The statutory scope of the Comprehensive Environmental Response, Compensation, and 
Liability Act of 1980 (CERCLA) was amended by the Superfund Amendments and 
Reauthorization Act (SARA) to include the following general objectives for remedial action 
at all CERCLA sites: 

• Remedial actions “…shall attain a degree of cleanup of hazardous substances, 
pollutants, and contaminants released into the environment and of control of further 
releases at a minimum which assures protection of human health and the environment” 
(CERCLA Section 121(d)). 

• Remedial actions “…in which treatment that permanently and significantly reduces the 
volume, toxicity, or mobility of the hazardous substances, pollutants, and contaminants 
is a principal element” (CERCLA Section 121(b)) are preferred. If the treatment or 
recovery technologies selected are not a permanent solution, an explanation must be 
published. 

• The least-favored remedial actions are those that include “off-site transport and disposal 
of hazardous substances or contaminated materials without treatment where practicable 
treatment technologies are available” (Section 121(b)). 
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• The selected remedy must comply with or attain the level of any “standard, 
requirement, criteria, or limitation under any federal environmental law or any 
promulgated standard, requirement, criteria, or limitation under a State environmental 
or facility siting law that is more stringent than any federal standard, requirement, 
criteria, or limitation” (Section 121(d)(2)(A)). 

3.2 Site-Specific RAOs 
General RAOs are defined by the NCP and CERCLA (as amended by SARA) and are 
applicable to all CERCLA sites. The NCP defines the regulatory guidelines for developing 
remedies. 

Site-specific RAOs relate to specific contaminated media (such as groundwater) and to 
potentially complete exposure routes. Site-specific objectives, which require an 
understanding of the contaminants and the physical properties of their respective media, 
are based on an evaluation of the potential risks to public health and the environment and 
ARARs. The future protection of environmental resources and the effects of long-term 
disruption to current facility operations also are considered. The site-specific RAOs for 
groundwater at Site 47 are:  

1. To prevent unacceptable risks to human receptors from exposure to contaminants in the 
shallow groundwater. 

2. To prevent migration of the shallow groundwater with unacceptable concentrations 
(above SRGs) of COCs from Site 47 to the potentially affected uncontaminated media. 

3. To return the shallow groundwater to its beneficial use designation to the extent 
practicable. 

3.3 ARARs 
As required by Section 121 of CERCLA, remedial actions carried out under Section 104 or 
secured under Section 106 must attain the levels of standards of control for hazardous 
substances, pollutants, or contaminants specified by the ARARs of federal and state 
environmental laws, unless waivers are obtained. According to EPA guidance, remedial 
actions must also consider nonpromulgated “to-be-considered” (TBC) criteria or guidelines 
if the ARARs do not address a particular situation. 

ARARs are distinguished by EPA as either being applicable to a situation or relevant and 
appropriate to it. These distinctions are critical to understanding the constraints imposed on 
remedial alternatives by environmental regulations other than CERCLA. The definitions of 
ARARs below are from EPA guidance (EPA, 1988). 

“Applicable requirements” are standards and other environmental protection requirements 
of federal or state laws dealing with a hazardous substance, pollutant, or contaminant and 
its remedial action. For example, the Clean Water Act is “applicable” to a response action 
that includes discharge of treated effluent.  
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“Relevant and appropriate requirements” are standards and environmental protection 
criteria of federal or state law that, although not “applicable” to a hazardous substance or 
remedial action, address situations sufficiently similar to those at the CERCLA site that their 
use is suitable. For example, although Resource Conservation and Recovery Act of 1976 
(RCRA) regulations are not applicable to closing a site containing hazardous waste that was 
disposed of before 1980, the regulations may be relevant and appropriate. 

A requirement that is relevant and appropriate must be met as if it were applicable. 
Relevant and appropriate requirements that are more stringent than applicable 
requirements take precedence. However, more discretion is allowed in determining relevant 
and appropriate requirements than in determining applicable requirements. 

Another factor in determining which response actions to take or which remedial 
requirements must be met is whether the requirement is substantive or administrative. 
Onsite CERCLA response actions must meet substantive requirements but not necessarily 
administrative requirements. Substantive requirements deal directly with actions or 
conditions in the environment. Administrative requirements implement the substantive 
requirements by prescribing procedures such as fees, permitting, and inspection that make 
substantive requirements effective. This distinction applies to onsite actions only; offsite 
response actions are subject to all applicable standards and regulations, including 
administrative requirements such as permits. 

3.3.1 Determination of ARARs 
There are three classifications of ARARs: chemical-specific, location-specific, and action-
specific. Potential chemical-, location-, and action-specific ARARs for groundwater are 
summarized in tables in Appendix E. The tables summarize the potential ARARs by 
classification, and the TBC criteria are included as appropriate for each classification. Tables 
developed by Maryland Department of the Environment, summarizing its interpretations of 
state ARARs, also are presented in this Appendix. 

The RAs described in this report were analyzed for compliance with federal and state 
ARARs. The analysis involved identifying potential requirements for each RA, evaluating 
their applicability or relevance, and determining whether they can satisfy the ARARs. 
Results of that analysis are presented in Section 5 of this report.  

3.3.1.1 Chemical-Specific ARARs 
Chemical-specific ARARs set human- or ecological-health-based concentration limits in 
various environmental media for specific hazardous substances, pollutants, or 
contaminants. Examples of federal chemical-specific ARARs include RCRA waste 
characterization codes, Safe Drinking Water Act MCLs, and ambient water quality criteria. 
Chemical-specific ARARs for contaminated groundwater at Site 47 are presented in Table E-
1 of Appendix E.  

3.3.1.2 Location-Specific ARARs 

Location-specific ARARs are design requirements or activity restrictions based on the 
geographic position of a site. An example is RCRA location requirements that set EPA 
policy for carrying out provisions of Executive Order 11988 (Flood Plain Management) and 
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Executive Order 11990 (Protection of Wetlands). Location-specific ARARs for Site 47 are 
presented in Table E-2 of Appendix E. 

3.3.1.3 Action-Specific ARARs 

Action-specific ARARs set performance, design, or other standards for particular activities 
in managing hazardous substances or pollutants. For example, the design requirements for 
landfilling hazardous waste, established in RCRA (40 CFR Section 264.301), are action-
specific. RCRA contains the greatest number of action-specific ARARs because it regulates 
hazardous waste management. Action-specific ARARs for Site 47 are presented in Table E-3 
of Appendix E. 

3.3.2 Other Criteria or Guidelines To Be Considered 
Many federal and state programs have criteria, advisories, guidelines, and proposed 
standards that provide recommended procedures if no ARARs exist or if existing ARARs 
are inadequate. In such situations, the TBC criteria or guidelines should be used to set 
remedial action levels. Examples of TBC criteria are reference doses and potency factors for 
ingestion of noncarcinogenic and carcinogenic compounds used in the risk assessment. TBC 
criteria for Site 47 shallow groundwater are presented in Tables E-1 through E-3 of 
Appendix E. 

3.4 Development of SRGs 
SRGs for Site 47 shallow groundwater were developed for all COCs, based on the greatest 
concentration among the site-specific, risk-based preliminary remediation goals (PRGs), 
facility-wide background concentrations, and federal groundwater MCLs.  

3.4.1 Calculation of Risk-Based PRGs  
PRGs were calculated for the constituents identified as COCs in Site 47 shallow 
groundwater. Groundwater PRGs were calculated for potential future residents (adult, 
child, and lifetime) and construction worker (Appendix D). PRGs based on residential land 
use and potable groundwater use were calculated, although residential use of the Site 47 
area is unlikely. Future potable use of groundwater in the area around Site 47 is unlikely, as 
documented in the RI (CH2M HILL, 2003). 

The equations presented in EPA’s Risk Assessment Guidance for Superfund Volume 1, Part 
B (EPA, 1991) were rearranged into one equation to incorporate the ingestion, dermal 
absorption, and/or inhalation pathways to calculate a PRG that combines all of these 
pathways. The groundwater PRG equation combined the ingestion and dermal absorption 
pathways for the child resident, and the ingestion, dermal absorption, and inhalation during 
showering for the adult resident. The construction worker PRG only includes the dermal 
contact and inhalation exposure pathways because exposure via incidental ingestion was 
assumed to be negligible. The exposure assumptions (i.e., ingestion rate, exposure 
frequency, exposure duration) used in the PRG calculation equations are the same as those 
used in the FS HHRA risk calculation.  

The target noncarcinogenic hazard was calculated based on the number of COCs that 
resulted in an effect to the same target (i.e., nervous system). For example, assuming an 
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acceptable hazard is 1, if two constituents affect the same target, the target noncarcinogenic 
hazard for those constituents would be 0.5. If a PRG was calculated based on both 
carcinogenic and noncarcinogenic effects, the lower of the two was chosen as the applicable 
PRG for the receptor.  

The toxicity values and target organs used in the PRG calculations for several constituents 
are provisional because this information is not available in EPA’s Integrated Risk 
Information System database. Consequently, these values and target organs are associated 
with greater uncertainty and should be reviewed in conjunction with the most current 
toxicity information that is available. 

The risk-based PRGs are summarized in Table 3-1. When a COC drives both 
noncarcinogenic hazard and carcinogenic risk, the PRG is calculated based on the lesser 
value of the hazard. This case applies to CT, 1,2-DCA, PCE, and TCE. Moreover, 1 x 10-6 was 
used instead of 1 x 10-5 as a target cancer risk (TCR) because seven COCs primarily drive the 
carcinogenic risk in Site 47 shallow groundwater, resulting in a total TCR of 7 x 10-5 if a TCR 
of 1 x 10-5 is equivalently assigned to each individual COC. Because the total TCR was 
greater than the mid-range between 1 x 10-5 and 1 x 10-6, the lesser TCR was used. 

3.4.2 Site Remediation Goals  
The PRGs were then compared to the facility-wide background concentrations and MCLs 
for all COCs to determine the SRGs. The greatest concentration among the PRG, facility-
wide background, and MCL was selected as the SRG for each COC. Although shallow 
groundwater at Site 47 would likely not be used as a potable water source, only residential 
potable PRGs were used in determining the SRGs for Site 47 shallow groundwater. To be 
conservative, the PRGs for the construction worker scenario were not carried forward to the 
SRG determination.  

Table 3-2 presents the determination of the SRGs for the shallow groundwater. The 
recommended SRGs for the COCs are shaded. Because an MCL is not available for 1,1,2,2-
TCA, a health advisory value equivalent to a concentration at 1E-04 cancer risk was used.  

The selection of these SRGs is considered appropriate for Site 47 shallow groundwater for 
three primary reasons: 

1. Navy policy prohibits remediation to below background conditions (Department of the 
Navy, 2001). 

2. The remediation is assumed to be driven by potential risks associated with potable use of 
groundwater; therefore, MCLs are the legally enforceable criteria for safe drinking water. 

3. The PRG levels are considered unattainable because they approach technical infeasibility 
and analytical limits. The site-specific risk-based PRGs are very low because they took 
into account the potential additive effects of multiple chemicals.  

3.4.3 COCs Requiring Remediation  
Although SRGs were established for all COCs, groundwater remediation will target only 
those COCs whose maximum detected concentration exceeded the SRGs. Based on this 
condition, all COCs listed in Table 3-2 would become targets for remediation except VC. 
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Table 3-3 presents the COCs and their respective SRGs for those COCs requiring 
remediation. As shown in Table 3-3, remediation of 1,1,2,2-TCA and carbon disulfide would 
likely be required in the hot spot or source area only. 

3.4.4 AA and Area of Remediation 
The AA is defined as the area over which RAOs, and, therefore, the SRGs are to be met. The 
AA may not necessarily become the area of remediation, depending on the effectiveness, 
implementability, and cost for a particular remedial alternative. 

The design of an effective remediation system considers the permanent monitoring well 
data as well as direct-push groundwater data in locating the area where most contaminant 
mass resides. For the shallow groundwater at Site 47, one AA was identified, which consists 
of a source area and a dissolved plume area.  

The source area is defined by the potential presence of separate-phase7 contaminants or the 
area where the aqueous phase concentrations of the primary contaminants, PCE or CT, were 
greater than 500 μg/L8. The source area is in the immediate vicinity of monitoring wells 
IS47MW03 and IS47MW04. The dissolved plume area is the area outside the source area 
where concentrations of CT and PCE were less than 500 μg/L but exceeded the SRGs. 
Figure 3-1 shows the source area AA and the dissolved plume AA for Site 47 shallow 
groundwater.  

As depicted in Figure 3-1, the AA encompasses an area of 215,400 square feet or 4.94 acres, 
within which resides the source area and the inferred residual DNAPL area. The source area 
is approximately 50,000 square feet, or 1.15 acre, and the inferred residual DNAPL area is 
approximately 19,350 square feet, or 0.44 acre. Using an average contaminated zone 
thickness of 12 feet, the bulk volume of contaminated media within the AA, the source area, 
and the inferred residual DNAPL area are 2.6 million cubic feet, 600,000 cubic feet, and 
232,000 cubic feet, respectively. The volumes of contaminated groundwater calculated using 
an effective porosity of 0.3 (assumed for the lithology present) are 5.8 million gallons, 1.35 
million gallons, and 521,000 gallons, respectively. Table 3-4 summarizes the area and 
volume of contamination within the AA at Site 47. 

                                                      
7 The separate-phase CT and PCE may be trapped below the water table by capillarity and surface tension forces. 
8 Assessment on how 500 µg/L concentration is derived as the source area for CT and PCE is further discussed in Section 
4.3.3. 
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TABLE 3-1 
Summary of PRGs for Shallow Groundwater 
Site 47 Feasibility Study 
NSF-IH Indian Head, Maryland 

Residential Construction Worker 

COC THI TCR 
PRG 

(μg/L) Basis THI TCR 
PRG 

(μg/L) Basis 

VOCs 

Carbon disulfide 1.0  1,324 Child resident, THI = 1 NA NA NA NA 

Carbon tetrachloride NA 1E-06 0.057 Lifetime resident 0.33 NA 63.3 THI = 1 

Chloroform 0.17 NA 24 Child resident, THI = 0.17 0.33 NA 2436.5 THI = 1 

1,2-Dichloroethane NA 1E-06 0.084 Lifetime resident NA NA NA NA 

cis-1,2-Dichloroethene 0.50 NA 72 Child resident, THI = 0.50 NA NA NA NA 

1,1,2,2-TCA NA 1E-06 0.057 Lifetime resident NA NA NA NA 

Tetrachloroethene NA 1E-06 0.015 Lifetime resident 0.33 NA 455.4 THI = 1 

Trichloroethene NA 1E-06 0.065 Lifetime resident NA NA NA NA 

Vinyl chloride NA 1E-06 0.004 Lifetime resident NA NA NA NA 

Inorganics 

Arsenic NA 1E-06 0.044 Lifetime resident NA NA NA NA 

Iron 1 NA 4,662 Child resident, THI = 1 NA NA NA NA 

Thallium 0.17 NA 0.18 Child resident, THI = 0.17 NA NA NA NA 

Vanadium 1 NA 12.4 Child resident, THI = 1 1.0 NA 111 THI = 1 

Notes: 
THI – Target hazard index    TCR – Target cancer risk    NA – Not applicable 

 



TABLE 3-2 
Determination of SRGs for Shallow Groundwater 
Site 47 Feasibility Study 
NSF-IH, Indian Head, Maryland 

Concentration (μg/L) 
Human Health PRG Concb 

COCa 
Maximum 

Conc. 

Facility-Wide 
Background 

Conc.95% UCL 
EPA SDWA 

MCL Residential 
Construction 

Worker 

VOCs      

Carbon disulfide 4,700 NA NA 1,324 NA 

Carbon tetrachloride 100,000 NA 5 0.057 63.3 

Chloroform 39,000 NA 80c 24 2437 

1,2-Dichloroethane 61 NA 5 0.084 NA 

cis-1,2-Dichloroethene 120 NA 70 72 NA 

1,1,2,2-TCA 8 NA 20d 0.06 NA 

Tetrachloroethene 2,700 NA 5 0.015 455 

Trichloroethene 210 NA 5 0.065 NA 

Vinyl chloride 2 NA 2 0.004 NA 

Inorganics      

Arsenic 147 ND 10 0.044 NA 

Iron 61,100 49,869 NA 4,662 NA 

Thallium 6.5  2 0.18 NA 

Vanadium 239 20.9 NA 12.4 111 
MCL—Maximum contaminant level. 
NA—No standard available or not applicable. 
Shading indicates recommended SRGs. See text for rationale for recommended SRGs. 
a Constituents are selected on the basis of the risk assessment conclusions. 
b Risk-based concentrations are calculated in Appendix D. 
C Under review. Value is as total trihalomethanes (TTHM) 
d Health advisory value, concentration at 1E-04 cancer risk. 
 



TABLE 3-3 
Summary of SRGs for Shallow Groundwater 
Site 47 Feasibility Study 
NSF-IH, Indian Head, Maryland 

COC SRG (μg/L) Basis 
Frequency of 

Detection 
Source Area 

Remediation? 
Remaining Plume 

Remediation? 

Carbon disulfide 1,324 PRG 7/24 Yes No 

Carbon tetrachloride 5 MCL 8/25 Yes Yes 

Chloroform 80 MCL 11/25 Yes Yes 

1,2-Dichloroethane 5 MCL 7/25 Yes Yes 

cis-1,2-Dichloroethene 72 PRG 9/25 Yes Yes 

1,1,2,2-TCA 20 PRG 2/24 Yes No 

Tetrachloroethene 5 MCL 9/25 Yes Yes 

Trichloroethene 5 MCL 10/25 Yes Yes 

Arsenic 10 MCL 8/14 Yes Yes 

Iron 49,869 Background 13/14 Yes Yes 

Thallium 2 MCL 4/14 Yes Yes 

Vanadium 20.9 Background 4/14 Yes Yes 

 



 

TABLE 3-4 
Area and Volume of Area of Attainment 
Site 47 Feasibility Study 
NSF-IH, Indian Head, Maryland 

 
Total SRG Exceedance 

Area (AA) 
Inferred Residual 

DNAPL Area1 
Source Area 

(CT>500 µg/L) 

Area (SF/Acres) 5 215,400 /4.94 19,350 / 0.44 50,000/1.15 

Contaminated zone thickness (ft)2 12 12 12 

Contaminated soil (CF/kg)3 2.6M / 135.4M 232,000 / 12.2M 600,000 / 31.5M 

Contaminated groundwater (gallons) 4 5.8M 521,000 1.35M 
Notes:   
1 Primarily interpolated based on CT concentrations because CT is the most recalcitrant constituent.  
2 Assumed based on the vertical interval of 6 to 18 feet below ground surface. 
3 Assuming bulk density of 1.85 kg/L 
4 Assuming effective porosity of 0.3 
5 Includes pilot study area  
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SECTION 4 

Identification and Screening of Remedial 
Technologies and Assembly of Remedial 
Alternatives 

This section discusses the remediation approach and the general response actions developed 
to address the RAOs outlined in the previous section. Potential remedial technologies and 
specific process options, which underwent a primary screening to assess their suitability as 
part of a RA, are identified and described for each response action. 

4.1 Remediation Approach 
As previously mentioned, the RI documented that the apparent source of groundwater 
contamination was in the vicinity of Building 856 (CH2M HILL, 2003). Because the detected 
concentrations of CT and PCE consistently have been very high in wells IS47MW03 and 
IS47MW04, CT and PCE are likely present as residually saturated DNAPL below the water 
table in the vicinity of these wells.  

Because DNAPLs have a tendency to remain sorbed to the organic materials in an aquifer, 
they can act as a continuing source for groundwater contamination. DNAPLs will continue 
to dissolve, thereby creating a persistent dissolved-phase plume. As a result, aggressive 
source area treatment is necessary for and critical to the overall success of the remediation of 
the shallow groundwater at Site 47. 

4.2 General Response Actions 
General response actions are broad classes of responses or remedies developed to meet the 
site-specific RAOs. Each action is intended to address specific constituents and the possible 
migration pathways and exposure routes in groundwater. Although an action may be 
capable of meeting an objective, combinations of actions may be more cost-effective in 
meeting all the objectives.  

The general response actions listed below have been identified as being potentially 
applicable for Site 47 shallow groundwater: 

• No Action 
• Land Use Controls (LUCs) 
• Monitoring 
• Containment 
• In Situ Treatment 

It should be noted that, in general, the DNAPL and the dissolved phase of organic 
contaminants could be degraded through treatment to produce other newly derived 
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compounds. However, treatment technologies will not degrade metallic contaminants but 
only stabilize them by changing their valence states. 

The mobilization of metals in the shallow groundwater is based largely on the reducing 
geochemical conditions created by the presence of the DNAPL and dissolved plume of 
organic contaminants. Therefore, treatment of the organic contaminants would eventually 
cause the subsurface condition to return to its natural oxidizing conditions, and thus 
stabilize the metals. Therefore, some of the technologies and process options identified 
primarily target the treatment of DNAPL and the dissolved phase of organic contaminants. 
The stabilization of metals would be achieved indirectly, as the subsurface condition returns 
to its normal setting following the treatment of the organics.  

Removal and ex situ treatment of contaminated groundwater were not considered in the 
preliminary screening of technologies and process options because of the inferred presence 
of residual DNAPL. DNAPL will provide a continuing source of contamination and cannot 
effectively be removed by these technologies because of mass-transfer rate limitations. As 
explained in Section 4.3.4.5, the controlling factor would be the very slow dissolution of the 
DNAPL phase into the groundwater. The extraction and ex situ technologies primarily 
target the treatment of contaminants in the dissolved phase. Therefore, the remediation 
timeframe of any extraction and ex situ technology will indirectly depend on the slow 
dissolution of the DNAPL into the groundwater. 

The No-Action response is included in the study because the NCP requires that a no-action 
alternative be developed as a baseline for evaluating the RAs. 

The LUCs response action is a category of alternatives that can be used alone or as part of 
another response action. LUCs include activities such as restricting groundwater use 
through land-use or deed restrictions, access restrictions, and groundwater monitoring. 

Monitoring response actions include a sampling program of relevant environmental media 
to assess the behavior of contaminants over time, natural processes attenuating the 
contaminants, and performance of an active remediation. 

Containment response actions are technologies that prevent the migration of contaminated 
groundwater. Containment technologies include physical barriers to flow such as slurry 
walls or sheet piling; hydraulic barriers such as extraction wells; and chemical barriers such 
as permeable reactive barriers (PRBs) that allow groundwater flow but remove 
contaminants. 

In Situ Treatment response actions are in situ methods of reducing the toxicity, mobility, or 
volume of contaminants in groundwater. Treatment technologies include biological, 
chemical, and physical processes. 

4.3 Identification and Screening of Remedial Technologies and 
Process Options 

The next step in the FS process is to identify remedial technologies and process options for 
each general response action. Remedial technologies are general categories of technologies 
such as chemical treatment, thermal destruction, or immobilization. Process options are 

4-2 082970004WDC 



SECTION 4—4BIDENTIFICATION AND SCREENING OF REMEDIAL TECHNOLOGIES AND ASSEMBLY OF REMEDIAL ALTERNATIVES 

specific processes within each technology type. For example, the chemical treatment 
remedial technology includes process options such as precipitation, ion exchange, and 
oxidation/reduction. 

Technologies and process options that potentially apply to Site 47 shallow groundwater 
were screened on the basis of their effectiveness, implementability, and relative cost for 
treating the COCs. Specific remedial technologies or process options were evaluated on the 
basis of their potential performance relative to other technologies and options within the 
same general response action. 

In the screening process, effectiveness pertains to the following: 

• The capability of the technology to attain RAOs 

• The capability of a remedial technology to mitigate the estimated areas or volumes of 
groundwater requiring treatment and to prevent or minimize the release of hazardous 
substances to potential receptors 

• The degree of protection afforded to human health and the environment during 
construction and implementation of the remedial technology 

• The reliability and performance of the technology with respect to site conditions 

Implementability pertains to the following: 

• The availability and capacity of treatment, storage, and disposal services 

• The constructability of the remedial technology under facility conditions 

• The time needed to implement the remedial technology, to achieve beneficial results, 
and to satisfy the RAOs 

Relative cost screening considers the general capital and operation and maintenance (O&M) 
costs associated with the process options. During the screening phase, detailed, site-specific 
cost estimates were not developed. The relative cost of process options was considered only 
if the cost of an option was believed to be significantly greater than the cost for other process 
options comparably effective or implementable. 

Table 4-1 presents the screening of the groundwater technologies and process options. 
Where possible, a single process option was selected as representative of a general response 
action. In some cases, more than one process option was selected because the options could 
not be differentiated in terms of effectiveness, implementability, or relative cost.  

As summarized in Table 4-1, the retained technologies and process options are: no action, 
LUCs, groundwater monitoring and NA, in situ chemical oxidation (ISCO), and in situ 
chemical reduction (ISCR). The following sections further describe the retained remedial 
technologies and process options. Further screening of the retained technologies or options 
is also discussed for ISCO and ISCR because these technologies cover a broad range of 
reagents that may not all be applicable for Site 47 shallow groundwater. 
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4.3.1 No Action 
The no-action response is required by the NCP and was retained to provide a basis for 
comparison with the other actions. This alternative, however, does not reduce COC 
migration or concentrations and would not meet the RAOs for Site 47 shallow groundwater. 

4.3.2 Land Use Controls 
LUCs are comprised of access and groundwater use restrictions specific to Site 47. Neither 
option reduces groundwater concentrations nor prevents contaminant migration, but, when 
combined with other RA(s), can help evaluate when RAOs are met and reduce the potential 
for exposure until RAOs are met. 

Because NSF-IH is an active military installation, some LUC measures are currently in place, 
such as master plan regulations, base access restrictions, safety program, and others. Potable 
water supply at NSF-IH is sufficient and unaffected by the contamination in Site 47 shallow 
groundwater. A land use control implementation plan (LUCIP) could be developed for the 
specific LUC measures applicable for Site 47 shallow groundwater. 

4.3.3 Groundwater Monitoring and Natural Attenuation 
Periodic groundwater monitoring would provide data to determine when RAOs are met 
and LUCs are no longer needed. NA parameters would also be monitored to assess the 
occurrence of these processes. The parameters would include methane, ethane, ethene, 
nitrate, sulfate and sulfide, iron (II), alkalinity, and field-measured parameters, such as DO, 
ORP, pH, temperature, and conductivity. 

As defined by an Office of Solid Waste and Emergency Response Directive (EPA, 1997), NA 
is a variety of physical, chemical, or biological processes that, under favorable conditions, 
act without human intervention to reduce the mass, toxicity, mobility, volume, or 
concentration of contaminants in soil or groundwater. These in situ processes include 
biodegradation, dispersion, dilution, sorption, volatilization, and chemical or biological 
stabilization, transformation, or destruction of contaminants. Figure 4-1 shows the dominant 
processes of abiotic and biotic degradations of CT, PCE, TCE, and 1,1,2,2-TCA. 

To demonstrate that NA is occurring at a site, it is generally evaluated using a “lines of 
evidence” approach, including: 

1. Documented loss of contaminants over time 

2. Favorable geochemical conditions, including: 

• Depletion of terminal electron acceptors and donors 
• Increasing metabolic byproduct concentrations 
• Increase and subsequent decrease of breakdown product concentrations 

3. Microbial data that support the occurrence of degradation and give estimates of 
biodegradation rates 

Implementation of NA as a RA or as part of an RA involves a significant investment in time, 
effort, and funding for long-term monitoring and modeling to ensure that NA occurs at a 
rate that is protective of human health and the environment. The guidance titled Technical 
Protocol for Evaluating Natural Attenuation of Chlorinated Solvents in Groundwater (EPA, 1998) 
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recommends conducting a screening process to determine whether NA is likely to be a 
viable RA before additional time and money are invested for further study.  

The following sections describe the preliminary screening process used to evaluate the 
viability of NA as a remedy for Site 47 shallow groundwater and the remediation 
timeframes to achieve the SRGs based on the sole reliance on NA processes using the 
SourceDK model. 

4.3.3.1 Natural Attenuation Screening 
EPA (1998) developed a screening method to assess the potential of natural biodegradation 
for chlorinated compounds. The screening process helps determine whether natural 
biodegradation of VOCs and subsequent breakdown products is likely to be a viable RA.  

Table 4-2 shows the results of the screening process for NA at Site 47 shallow groundwater. 
The worksheet was populated with data collected during the 2004 pre-FS investigation for 
wells IS47MW03 and IS47MW04, which are considered as the source zones of groundwater 
contamination for Site 47 and with data collected in 2001 for well IS47MW01, which is 
considered as the site upgradient well.  

The total scores of 8 and 13, respectively, for groundwater analytical data for monitoring wells 
IS47MW03 and IS47MW04 indicate that there is limited evidence of complete NA through 
reductive dechlorination processes in groundwater at Site 47.  

4.3.3.2 Estimated Remediation Timeframes 

To assess the viability, effectiveness, and implementability of NA as a sole remedy, a 
modeling exercise was conducted to estimate the remediation timeframe and uncertainties 
with relying on NA processes as a sole remedy.  

The objectives of the modeling were: 

1. To assess the remediation timeframe based on using NA processes alone to remediate 
the DNAPL area.  

2. To assess the target end-point concentrations of CT and PCE during the source 
treatment that would result in a timeframe of less than 30 years if NA processes were 
solely to be used to achieve the CT and PCE SRGs from the target end-point 
concentrations. For comparison, in addition to the achievement of SRGs, which are the 
MCLs for both CT and PCE, the timeframes to achieve the construction worker PRGs 
were also assessed. 

To accomplish these objectives, the SourceDK model was used. SourceDK is a planning-
level screening model for estimating groundwater remediation timeframes and the 
uncertainties associated with the estimated timeframe. SourceDK was released in April 2004 
by the Technology Transfer Division of the U.S. Air Force Center for Engineering and the 
Environment (AFCEE, 2004). According to SourceDK, “remediation timeframe” is the time 
required for the high-concentration source zones at a site to reach a certain target 
concentration. The model uses Microsoft Excel®and provides three different approaches or 
tiers, from easiest to most-complex conditions: 
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1. Tier 1 – Extrapolation: Source zones that have extended records of concentration versus 
time can be analyzed using Tier 1 tool. With this tool, log concentration vs. time is 
plotted and then extrapolated to estimate the time needed to achieve a cleanup goal, 
assuming the current trend continues. 

2. Tier 2 – Box Model: This tier consists of an enhanced BIOSCREEN model. The box model 
provides an estimate of the contaminant mass in the source zone and the mass flux of 
contaminants leaving the source zone, as well as biodegradation processes within the 
source zones. 

3. Tier 3 – Process Model: This tier employs more–detailed, fundamental process-based 
equations to calculate the time and amount of naturally flowing groundwater required 
to flush out dissolved-phase and NAPL-dominated constituents from the source zone. 

As observed at Site 47, groundwater sampled at monitoring wells IS47MW03 and 
IS47MW04 generally sustained high concentrations of CT and PCE during multiple 
sampling events, suggesting that these wells were screened across an interval that contains 
residual DNAPL and the rate of weathering of the DNAPL in the shallow groundwater of 
Site 47 is slow (AFCEE, 2004). Therefore, it is likely that the rate-limiting process for NA 
would be the dissolution of DNAPL as fresh groundwater passes through the source zone. 
Therefore, the Tier 3 approach for the Source DK NAPL Dissolution Model was used to 
estimate the timeframe to achieve the SRGs, assuming a sole reliance on NA processes. The 
modeling efforts for Site 47 primarily focused on CT and PCE within the area in the vicinity 
of wells IS47MW03 and IS47MW04, which is considered as a source zone. As described in 
Section 2.2.1.4, CT and PCE are inferred to be present as DNAPLs. To accomplish the second 
objective, the SourceDK Dissolved Phase Attenuation Model for Tier 3 was used. 

Table 4-3 shows the input parameters, assumptions, and the results of the Tier 3 – NAPL 
Dissolution Model performed for the source area within Site 47 shallow groundwater, while 
Table 4-4 shows the results for Tier 3 – Dissolved Phase Model. Appendix F presents the 
detailed equations and the SourceDK model results.  

As presented in Table 4-3, the timeframes for the fresh groundwater passing through the 
source zone to flush out the DNAPL constituents and achieve the cleanup goals range from 
14.6 to 146,000 years, using the risk-based goal of 63.3 μg/L (and greater), and from 22.8 to 
228,000 years using the MCL goal of 5 μg/L (and greater) for CT. For PCE, the timeframes 
range from 156 to 1,560,000 years and from 215 to 2,150,000 years for the risk-based goal of 
455 μg/L (and greater) and for MCL of 5 μg/L (and greater), respectively. As noted, the 
timeframes vary significantly because of the uncertainty associated with the initial DNAPL 
saturation values. Assuming that CT was disposed of in the former pit during the same 
period (1957 to 1965) as the mercuric nitrate solution (CH2M HILL, 2003) and considering 
that monitoring well IS47MW04 has sustained consistently high concentrations of both CT 
and PCE since 2001, achievement of either risk-based or MCL cleanup goals within the 
lower end timeframes is unlikely at Site 47. Because the timeframe projected to achieve the 
SRG for PCE is likely longer than the timeframe for CT, PCE is considered to be the 
determining factor in the overall timeframe remediation of the shallow groundwater at Site 
47. The projected timeframes indicate that sole reliance on NA processes to treat the DNAPL 
source zone is not feasible; therefore, source treatment is recommended to expedite the 
overall remediation timeframe.  
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The next part of the modeling efforts was performed to determine the target concentration 
for the source treatment and assess the feasibility of the sole use of NA processes as a 
polishing step to achieve the SRGs within a reasonable timeframe (i.e., less than 30 years). 
Ultimately, if NA were to be feasible, considerable cost savings may result during the source 
treatment because it may be unnecessary to treat the groundwater to achieve the 
concentration as low as the SRGs.  

As summarized in Table 4-4, the target concentrations for the source treatment would be 30 
μg/L (and greater) for CT and 12 μg/L (and greater) for PCE to achieve the SRGs of 5 μg/L, 
which are the MCLs for both CT and PCE. From these concentrations, NA processes are 
projected to be capable to reduce CT and PCE concentrations to the SRGs within 30 years. 

Assuming a target concentration of 500 μg/L (and greater) is used for both CT and PCE, the 
timeframe for NA processes to achieve the SRGs (i.e., MCLs) following the source treatment 
completion would be 52 years. For comparison, if the construction worker-based PRGs were 
used as the SRGs, the timeframe would be 30 years.  The illustration summarizes various 
timeframes to achieve the SRGs, based on different source treatment scenarios:  

No Source  
Treatment SRGs Time Frame

2.1 Million Years

Source  
Treatment to 

30 ug/L
SRGs

Time Frame
< 30 years

Source  
Treatment to  

500 ug/L
SRGs Time Frame

< 52 years
 

 

4.3.4 In Situ Chemical Oxidation  
ISCO involves injecting chemical reagents into the groundwater to oxidize contaminants, 
destroying them in series of chemical reactions. Because of its high cost, ISCO is typically 
implemented for the treatment of contamination source areas. In general, this technology is 
not cost-effective for large plumes with low contaminant concentrations because of the 
inherent limitations, challenges, and cost of delivering reagents to the subsurface over large 
areas. Common oxidants are hydrogen peroxide-based Fenton’s reagent and potassium or 
sodium permanganate. Ozone and sodium persulfate can also oxidize certain contaminants 
in situ, but have been used less frequently. The success of an ISCO remedy is a function of 
effective delivery, efficacious oxidants, and direct contact of the oxidant with the organics to 
be treated. 

Because of the potential heat or oxygen evolution required for or resulting from the 
reactions of the commonly used oxidants, extra caution is required for implementing ISCO 
at Site 47 to minimize the safety risks associated with explosive storage at the site. 
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4.3.4.1 Fenton’s Reagent 

Hydrogen peroxide alone is an oxidant, but at low concentrations (<0.1 percent), it is not 
kinetically fast enough to degrade many organic contaminants before decomposition occurs. 
As discovered by H.J.H. Fenton, addition of a ferrous salt or iron (II) dramatically increases 
the reaction kinetics. Fenton’s reagent is typically produced onsite by adding an iron 
catalyst to a hydrogen peroxide solution. A 50 percent solution of hydrogen peroxide is 
common for this application. An amendment for pH adjustment may be needed because 
Fenton’s reagent is more effective under acidic pH (2 to 4). The reaction is highly exothermic 
in nature. Because of the low pH and prolonged elevated subsurface temperature it creates, 
application of Fenton’s reagent at Site 47 groundwater offers significant disadvantages, 
including potential uncontrolled reactions and excessive heat generation if stronger oxidant 
solutions were used, as well as further mobilization of dissolved metals in the groundwater. 
For these reasons, use of Fenton’s reagent was not considered further for use at Site 47. 

4.3.4.2 Permanganate 

Permanganate is the mildest oxidant of the other oxidants considered for Site 47. It oxidizes 
chlorinated ethenes through the following general reaction: 

C2HYClX + 2KMnO4  2CO2(g) + 2K+ + YH+ +2MnO2(s) + XCl- 

In this reaction, the chlorinated ethenes are destroyed, producing carbon dioxide gas, solid 
manganese dioxide, and several dissolved ions. Carbon dioxide (CO2) exists naturally in 
subsurface zones from biological processes and bicarbonate partitioning in the 
groundwater. Manganese dioxide (MnO2) is a mineral naturally present in many soils. 
Excessive precipitation of manganese dioxide in soil pores can reduce the permeability of 
the soil, thereby inhibiting injection of the oxidant. This mineral may also oxidize natural 
organic matter (NOM) to which metals are sorbed, or the hydrogen cation generated may 
decrease groundwater pH if not buffered, leading to potential mobilization of redox-
sensitive and exchangeable sorbed metals and biological perturbation.  

Permanganate demand is stoichiometric, based on COC concentrations and natural soil 
oxidant demand from organic matter and reduced minerals. When delivered in 
stoichiometric excess, permanganate is relatively stable and persistent in the subsurface, 
allowing migration by diffusive processes. For application, a 1 to 5 percent solution is 
prepared onsite from potassium permanganate crystals, or a 40 percent sodium 
permanganate solution is diluted to the desired injection concentration. K-permanganate 
crystals often contain trace amounts of metallic impurities, such as chromium and lead. 

Permanganate is not effective at oxidizing chlorinated methanes (CT and CF) or chlorinated 
ethanes (1,1,2,2-TCA, DCA) (Interstate Technology Regulatory Council , 2005). The presence 
of chlorinated ethanes and methanes in the shallow groundwater at Site 47 precludes 
further consideration of permanganate.  

4.3.4.3 Ozone  

Ozone gas can oxidize contaminants directly or through the formation of hydroxyl radicals. 
Like peroxide, ozone reactions are most effective in systems with acidic pH. The oxidation 
reaction proceeds with extremely fast, pseudo-first-order kinetics. Ozone oxidation 
reactions occur in gas phase inside the “bubble” following the Criegee mechanism. As such, 
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ozone oxidation may be rate-limited by aqueous phase diffusion and volatilization. Because 
of ozone’s high reactivity and instability, ozone is produced onsite and requires closely 
spaced delivery points (e.g., air sparging wells). As a result, the process requires high capital 
investment. For these reasons and because of the heterogeneity at the site, ozone was not 
considered further as an oxidant at Site 47. 

4.3.4.4 Persulfate 

Sodium persulfate is a stable and strong oxidant. However, activation of persulfate to form 
sulfate radicals is required and can be accomplished by heat (steam injection, low H2O2 
concentration), catalysis by transition metals such as iron (II), copper, silver, and 
manganese, or by alkaline conditions (pH > 10.5). Although the persulfate anion is a less 
powerful oxidant than hydrogen peroxide, the addition of heat or a ferrous salt or iron (II) 
dramatically increases the oxidative strength of persulfate. This increase is attributed to the 
production of sulfate-free radicals, a strong oxidant roughly equivalent to the hydroxyl 
radical generated by ozone or peroxide reactions. 

Na2S2O8 (heat or catalyst activation)  2SO4-(radicals)  

SO4- (radicals) + e-  SO4-2  Eo
9
 = 2.6 volts 

The persulfate anion itself is a strong oxidizer: 

S2O8-2 + 2H+ + 2 e-  2HSO4-2  Eo = 2.1 volts 

Under acidic conditions, persulfate also reacts with water to produce hydrogen peroxide, a 
kinetically faster oxidant than persulfate (FMC Corporation, 2001). Hydrogen peroxide, as 
in Fenton’s reagent, has been demonstrated to be capable of oxidizing chlorinated solvents, 
including CT. The general reaction is as follows: 

S2O8-2 + 2H2O  2HSO4-2 + H2O2 

Similar to the other oxidants, pH will decrease following the application because of acid 
anion generation. However, the decrease in pH can be mitigated by adding sodium 
carbonate (approximately 20 percent of persulfate loading on a mole basis) to effectively 
buffer the aquifer pH. Carbonate also appears to provide better stability to and increases the 
activity of persulfate. In another advantage compared to other oxidants, persulfate does not 
appear to react readily with NOM, resulting in lower loading than the other oxidants. 

Because activation using iron (II) catalyst does not appear to be effective for treating 
chlorinated ethenes and methanes such as 1,1,2,2-TCA and CF, the activation using iron (II) 
was not further considered for Site 47, although the elevated concentrations of iron in 
filtered groundwater samples may provide incremental value. Heat activation with steam 
was considered further because of the readily available steam at Site 47. In addition, because 
of the existing dissolved metal mobilization at Site 47, persulfate would likely be buffered 
with sodium carbonate prior to injection to minimize further metal mobilization.  

Table 4-5 summarizes the oxidation potential of various oxidants (Marley et al., 2001). 

                                                      
9 Standard oxidation potential. 
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4.3.5 In Situ Chemical Reduction 
ISCR technologies are still considered innovative. However, because neither heat activation 
nor heat generation would be involved in the reduction reactions, implementing an ISCR 
technology for treating the DNAPL area at Site 47 may minimize the safety risks or impacts 
to the active explosive or magazine storage area at the site. Three reductant reagents were 
evaluated for this FS: zero valent iron (ZVI), sodium dithionite, and calcium polysulfide. 
These reagents are briefly described below. Because CT is one of the most recalcitrant COCs 
in Site 47 shallow groundwater, examples are presented as they pertain to CT. 

4.3.5.1 Zero Valent Iron 

The dehalogenation process by ZVI can be best described as anaerobic corrosion, an abiotic 
reaction. Four processes would occur simultaneously (Vance, 2004): 

• ZVI acts as a reductant by supplying 
electrons directly from the metal surface to 
an adsorbed halogenated compound or 
metal. 

2Fe0
(s) → 2Fe2+

(aq) + 4e- 

• Hydrogen gas is generated by the anaerobic 
corrosion of the metallic iron by water. 

Fe0
(s) + 2H2O(aq) →Fe2+

(aq) + H2(g) + 2OH-
(aq) 

• Metallic iron may act as a catalyst for the 
reaction of hydrogen, with the halogenated 
hydrocarbon using the hydrogen produced 
on the surface of the iron metal as the result 
of anaerobic corrosion with water. 
Theoretically, these reactions are not 
kinetically effective without a catalyst; thus, 
it is thought that impurities in the iron or 
surface defects act as that catalyst. 

For example: 
CCl4 + 2H2(g) → CH4(g) + 4 HCl  
(catalyzed) 

• Solubilized ferrous iron can also act as a 
reductant.  

Fe2+
(aq) → Fe3+

(aq) + e- 

Because elemental iron has a higher oxidation potential than arsenic, arsenic is precipitated 
upon contact with ZVI. No known applications have been conducted on the immobilization 
of thallium and vanadium using ZVI; however, given the ability of iron-based materials to 
remove other mobile trace metals (i.e., arsenic, chromium, iron, cadmium, etc.), 
immobilization of thallium and vanadium could be anticipated. 

ZVI is available in different particle sizes to accommodate various application and delivery 
systems. Based on its particle size, ZVI can be categorized as granular and injectable ZVI. 
Granular ZVI ranges in millimeters in size (mean of 0.7 mm) and is typically implemented 
for PRB in trenching applications. Injectable ZVI ranges between nanometers and 
micrometers in size. The small size of ZVI particles (typical size for micron particles is 1 to 
74 micrometer [μm] and for nano particles is 1 to 100 nanometers [nm]) increases the 
reaction surface areas, resulting in multiplicative reaction rates of degradation. Compared to 
a typical bacterial cell with a diameter of 1 μm (1,000 nm), ZVI particles have a better 
transport property in groundwater and are able to remain in suspension for extended 
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periods of time because of their colloidal nature, which helps establish an in situ treatment 
zone. 

Injectable ZVI is available in several formulations to enhance the rates of reactions or contact 
time with contaminants in the subsurface. The formulations of enhancements of the 
injectable ZVI include catalyzation and emulsification. Emulsified ZVI (EZVI) has been 
developed specifically for remediation of DNAPL. 

EZVI consists of food-grade surfactant, biodegradable vegetable oil, water, and ZVI 
particles (either nano- or microscale iron), which form emulsion particles that contain the 
ZVI in water surrounded by an oil-liquid membrane. 

Dehalogenation using EZVI occurs in two reaction mechanisms, biotic and abiotic. The ZVI 
component of EZVI results in degradation of chlorinated solvents via an abiotic degradation 
process. The vegetable oil provides longer-term biological degradation through the 
enhanced reductive dehalogenation. Simultaneously, ZVI also enhances the immobilization 
of heavy metals through precipitation/stabilization during the corrosion process. 

EZVI can be used to enhance the destruction of chlorinated solvent DNAPL in source zones 
by creating intimate contact between the DNAPL and the nano-scale ZVI. EZVI has a 
specific gravity of approximately 1.1 and exists in a nonaqueous phase that is stable in 
water. Because the exterior oil membrane of the emulsified particles has similar hydrophobic 
properties as the DNAPL, these particles are miscible with the DNAPL. Because of these 
properties, EZVI is typically employed specifically for treatment of DNAPL. 

Encapsulating the ZVI in a hydrophobic membrane protects the nano-scale iron from other 
groundwater constituents that would otherwise exhaust much of the reducing capacity of 
the nano-scale iron. This effectively reduces the mass of EZVI required for treatment relative 
to unprotected ZVI. In addition to the abiotic degradation associated with the ZVI, the 
injection of EZVI would result in enhanced biodegradation of dissolved chlorinated ethenes 
because the vegetable oil and surfactant act as electron donors to promote anaerobic 
biodegradation processes (EPA, 2004b). 

The National Aeronautic and Space Administration (NASA) holds a U.S. patent for the 
manufacturing process of EZVI and actively solicits interested private parties for licensing 
the EZVI manufacturing process. No licensing would be required for an application of the 
technology at a federal facility. 

An EZVI field demonstration was completed at a NASA facility in Florida under the 
Superfund Innovative Technology Evaluation (SITE) program (EPA, 2004b). Another field 
demonstration is underway through the Environmental Security Technology Certification 
Program. The NASA field demonstration showed promising success for the full-scale 
implementation of EZVI for DNAPL treatment. The absence of a full-scale implementation 
of the EZVI technology is considered the primary drawback of this technology. In addition, 
the limited availability of the manufacturers of EZVI provides another disadvantage of this 
technology. Currently, EZVI can only be purchased from two licensed vendors, Applied 
Science and Advanced Technologies, LLC and RNAS. For application at Site 47, a royalty-
free rate would not be applied because NSF-IH is a federal government site. 
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Because of the high viscosity and density of EZVI, as well as the high interfacial surface 
tension of the emulsion, its delivery to the subsurface is very challenging. The pneumatic 
injection technique, using liquid nitrogen as a carrier for a better lateral delivery of the 
reductant, is considered appropriate for Site 47. 

ZVI in the form of emulsified nano- or micro-scale particles or injectible ZVI by itself is 
assumed to be carried forward for the detailed evaluation of RAs; however, a bench-scale 
test would be recommended to assess its feasibility for Site 47. 

4.3.5.2 Sodium Dithionite 

ISCR using dithionite is based on the ability of reduced (ferrous) iron to abiotically degrade 
chlorinated contaminants. The dithionite anion reacts with the naturally occurring iron (III) 
oxides in the aquifer system to form reduced iron (iron (II) - ferrous). As a result, the aquifer 
redox condition becomes more reducing and oxygen-deficient (Szecsody et al., 2000). 
Ferrous iron acts as a reductant to both organics (i.e., chlorinated solvents) and inorganics 
(i.e., metals) contaminants. The general reactions for the reduction of CT are: 

6Fe+3 + S2O42- + 4H2O  6Fe+2 + 2SO42- + 8H+ 

CCl4 + 3Fe+2 + 4H+ + 5e-  CH4 + 4Cl- + 3Fe+3 

Dithionite also undergoes hydrolysis to form thiosulfate, which is also capable of fully or 
partially dehalogenating chlorinated compounds (Nzengung et al., 2001). The general 
reactions are: 

2S2O42- + H2O  2SO32- + S2O32- + 2H+ 

CCl4 + S2O32-  [CCl3-S2O3]- + Cl- 

Prior to a full-scale implementation, bench-scale and pilot tests would likely be required to 
determine the site-specific reductant demand, and therefore, the strength of dithionite 
solution for the injection. Pure sodium dithionite is a highly flammable white granular 
powder that may spontaneously ignite on contact with moist air. Therefore, if sodium 
dithionite were to be used at Site 47, the reagent would be brought to the site as an aqueous 
solution. For the safety reason inherent to the property of the reductant, sodium dithionite 
was not considered further for Site 47. 

4.3.5.3 Calcium Polysulfide 

Calcium polysulfide (CaSx – S22-, S32-, S42-, S62-) has been widely used in the stabilization of 
heavy metals in soil and groundwater through geochemical fixation. CaSx can be 
introduced into the subsurface through DPT injection or hydrofracturing. This technology 
has been used in full-scale implementation at wood treatment sites in California and Indiana 
(Ott, 2000), as well as acid mine drainage sites. CaSx has been demonstrated effective in 
stabilizing chromium, arsenic, cadmium, cyanide, and uranium.  

The sulfide anion in pyrite (FeS2) has been observed to be capable of dehalogenating CT in 
the laboratory (Kriegman-King, 1994). Therefore, in theory, the sulfide anion in CaSx would 
be equally capable to dehalogenate CT. Research is ongoing to assess the feasibility of CaSx 
for abiotic dehalogenation. The stoichiometry for the CT dehalogenation by CaSx is 
unknown and under study. 
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CaSx solution, typically used for environmental application, is 29 percent solution of a deep 
red/ orange clear liquid with pH of 11.3 to 11.5 and has a non-Department of Transportation 
regulated hazard classification (Cascade, 2005). Because of the effectiveness of CaSx for 
treating CT is unknown, CaSx was not considered further for Site 47. 

4.3.6 Enhanced Degradation and Metal Stabilization 
A combination of carbon source (i.e., lactate) and metal binding reagent (i.e., organosulfide 
complex) or ZVI can be effectively used to enhance the degradation of chlorinated solvents 
and to immobilize metals in situ. 

The example combination of carbon source and organosulfides complex is Metal 
Remediation Compound (MRC®) by Regenesis and the example combination of carbon 
source and ZVI is EHC-M® by Adventus. 

4.3.6.1 Combination of Carbon Source and Organosulfides 

MRC® is an organosulfur and polylactate polymer compound that is manufactured as a 
viscous gel and has a consistency similar to that of cold honey. MRC’s active compound is 
an ester of cysteine (a sulfur-containing amino acid) and a carbon backbone molecule, such 
as glycerol or sorbitol. Cysteine is a naturally produced organic molecule that is formed in 
many bacteria, plants, and animals in response to the presence of metals (Koenigsberg, 
2003). 

MRC® is designed to remove metals from groundwater in two stages: (1) metal 
complexation to organosulfur compounds (OSCs) and (2) creation of stable metal sulfide 
precipitates through biodegradation of the organosulfur complexes. When hydrated, MRC 
slowly releases its active ingredient, a benign OSC, as well as lactate. The OSC stimulates in 
situ metals complexation and precipitation. When the OSC comes into contact with 
dissolved metals such as arsenic, cadmium, cobalt, copper, lead, mercury, nickel, and zinc, 
rapid and irreversible reactions create metal-organic complexes (MOCs). The MOCs bond 
strongly to soil particles and become immobile in the subsurface. Over time, indigenous 
microorganisms biodegrade the organic portion of the MOC. The residual sulfide 
compound is immobile and insoluble. The stability of the metal sulfide will depend on the 
site-specific geochemical conditions of the groundwater, primarily pH and ORP.  

Because of its benign composition, minimal impacts are anticipated to the geochemical 
condition of the groundwater. The lactic acid release into the aquifer may increase the levels 
of TOC and, subsequently, biodegradation of lactic acid will cause depletion in the 
concentration of terminal electron acceptors such as oxygen, nitrate, ferric, iron, and sulfate, 
which further enhance the reductive dechlorination of the chlorinated solvent contaminants.  

It is also important to note that the amount of metals being precipitated relative to the 
amount of pore space in the aquifer is very small, and, therefore, the increase in metal solids 
should not affect the hydraulic conductivity of the aquifer. 

In its current state, MRC® is considered an emerging technology. The product was launched 
3 years ago by Regenesis. As a result, limited data are available on the effectiveness of MRC 

for in situ treatment of metals. Based on its chemistry theory and results of bench-scale tests 
by Regenesis, MRC® appears to be effective on a wide range of metals such as arsenic, iron, 
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chromium, nickel, copper, cadmium, and zinc. Field studies are currently being conducted 
to assess its effectiveness for the treatment of cadmium, chromium, arsenic, nickel, and zinc. 
Case studies are available for chromium and cadmium.  

Because of limited data, MRC® will not be further considered for Site 47. 

4.3.6.2 Combination of Carbon Source and ZVI 

A combination of carbon source and ZVI, as well as sulfide, such as EHC-M®, enhances 
anaerobic biodegradation of chlorinated solvent contaminants through the controlled-
release carbon source and abiotic degradation of chlorinated solvent contaminants through 
contact with ZVI. In addition, metal precipitation, and thus immobilization, also occurs 
through corrosion reaction with ZVI and precipitation reaction with sulfide. For these 
reasons, EHC-M® was considered further for the application at Site 47. 

4.4 Bench-Scale Studies 
As noted in Section 4.3, ISCO and ISCR technologies could be effective for treating CT and 
PCE within the inferred residual DNAPL area at Site 47. The implementation of each 
technology, however, entails significant uncertainties, such as which oxidant or reductant 
would be the most efficient, what the demand of the oxidant or reductant would be, and 
what potential negative side impacts of each technology would be. Another uncertainty 
entails the need for metal remediation because both ISCO and ISCR technologies have the 
potential to mobilize metals in groundwater, exacerbating the existing metal contamination. 

Following the submittal of the preliminary draft FS to the Navy (CH2M HILL, 2005), the 
Navy decided to conduct bench-scale studies to evaluate select ISCO and ISCR technologies 
for treating the chlorinated COCs, specifically CT and PCE at Site 47 and to partially address 
the uncertainties associated with implementing these technologies. 

The approach for the bench-scale studies was formulated based on the inputs from the 
Indian Head Installation Restoration Team and Battelle, which was retained by the Navy as 
a third-party technical reviewer for the preliminary draft FS. The bench-scale studies 
evaluated seven technologies:  

1. ISCO technologies: 
 Activated persulfate  
 Modified Fenton’s reagent or catalyzed hydrogen peroxide 

2. ISCR technologies:  
Nano-scale zero valent iron (NZVI) 
Micron-scale ZVI (H200) 
Micron-scale nickel-catalyzed ZVI (Ni-Cat ZVI) 
Emulsified zero valent iron (EZVI) – NZVI emulsified in vegetable oil 
 Granular ZVI and clay mixture (ZVI-clay). 

The bench-scale studies were conducted in accordance with the final work plan described in 
detail in a February 21, 2006 memorandum, Work Plan for DNAPL Bench-Scale Technology 
Evaluation Studies at Site 47, NSF-IH, Indian Head, Maryland (CH2M HILL, 2006a).  The 
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studies were completed in May 2007 and the results of the studies are documented in 
Appendix G.  

The findings of the bench-scale studies can be summarized as follows: 

• Treatment Effectiveness: Only ISCO technologies were demonstrated effective in 
treating both CT and PCE; greater than 97 percent concentration reduction in both CT 
and PCE were observed. 

• Potential for Metal Mobilization: The mobilization of metals in groundwater was more 
dominant in the ISCO technologies than the ISCR technologies. The most metal 
mobilization was observed in the catalyzed hydrogen peroxide technology. However, 
the evaluation for metal mobilization was only conducted on the batch reactors with 
high oxidant concentrations. The concentration of oxidant for field application will likely 
be much lower than those used in the metal mobilization evaluation. 

• Side Impacts Potentially Incompatible with the Current Site Use: Alkaline-activated 
sodium persulfate technology was found to be the most compatible technology for Site 
47 because it generates the least heat and gases that may be incompatible with active 
magazine operation. Furthermore, the full-scale implementation of this technology is 
projected to have minimal interference with the facility’s daily operations. 

The results of the bench-scale studies were used to futher screen the technologies that 
passed the preliminary screening process described in Section 4.3. Based on the findings of 
the bench-scale studies, the following technologies will be eliminated: 

• ISCR – ISCR technologies using various particle forms of ZVI were found to be 
inefficient for treating both CT and PCE that are inferred to be present as DNAPL. 
Furthermore, ZVI application via mixing entails significant and prolonged interference 
with the daily operations of the facility. 

• Enhanced Degradation and Metal Stabilization – The results of the bench-scale studies 
indicate that potential for metal mobilization existed. However, the bench-scale studies 
cannot predict how long the metals will persist or stay mobile in groundwater. The 
longevity of metal mobilization at Site 47, however, can only be evaluated during the 
pilot study, which is in the planning stage at the time of this report preparation.  

In the field, the mobilization of metals resulting from ISCO would be temporary (Crimi 
and Siegrist, 2003), as supported by the results of two pilot tests performed by 
CH2M HILL. These pilot tests were conducted at the Allegany Ballistics Laboratory 
(ABL) in West Virginia (CH2M HILL, 2006b) and the Air National Guard Station in State 
College, Pennsylvania (CH2M HILL, 2006c). At ABL, sodium persulfate was used in a 
pilot test for treatment of TCE, cis-1,2-DCE, and 1,1,1-TCA. Manganese, chromium, and 
nickel concentrations increased slightly up to 2 weeks after the injection but decreased 3 
weeks after injection. At the ANG Station, potassium permanganate was injected and 
concentrations of metals, including iron, manganese, and mercury, increased following 
the injection.  The concentrations returned close to pre-injection conditions. The site 
received a no-further-action letter of closure from Pennsylvania regulators in May 2006.  
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Other factors that play an important role in assessing the impact of metal mobilization 
are the hydraulic gradient and the groundwater velocity. At Site 47, groundwater is 
moving at an approximate rate of 10.68 feet per year. Because of the results of these pilot 
tests, the observed hydraulic gradient, the slow groundwater velocity, and the normal 
geochemical condition within the short distance downgradient of the plume, the need 
for a mitigation measure for remediating or containing the mobilized metals is not 
warranted.  

Based on the results of the bench-scale studies, the technologies and process options that 
were retained for the remedial alternative assembly are:  

• No action 

• LUCs 

• ISCO technology using alkaline-activated sodium persulfate as an oxidant 

• Groundwater monitoring and NA 

4.5 Development of Remedial Alternatives 
The remedial technologies and process options that passed the site-specific screening 
process described in Section 4.4 were assembled into RAs. Because of the unreasonable 
timeframe for the sole reliance on NA processes for treatment of the inferred residual 
DNAPL area, an aggressive treatment within the inferred residual DNAPL area is critical to 
the success of the remediation. NA processes will be used as a polishing step for the 
remaining area of the AA not actively targeted by a treatment system. In addition, a pilot 
test will be required to determine the full-scale operating conditions. 

The RAs for Site 47 shallow groundwater are: 

Alternative 1: No Action  
The No-Action Alternative is included as a baseline, as required by the NCP. 

Alternative 2: Source Area Treatment Using ISCO, NA, Groundwater Monitoring, and LUCs 
Alternative 2 involves implementing ISCO technology using sodium persulfate in the 
source area (CT > 500 μg/L), using NA processes for the remaining dissolved plume and the 
source area following the active treatment, conducting long-term groundwater monitoring, 
and enforcing LUCs in the form of land and groundwater use restrictions. 

Table 4-6 presents a matrix of the retained technologies and the remedial alternatives. The 
major components of each remedial alternative are defined in the following sections. It 
should be noted that CERCLA statutory 5-year reviews10 would be conducted under all 
alternatives except the No-Action alternative. 

 

                                                      
10 CERCLA (Section 121(c)), as amended by SARA (1986, requires that sites be reviewed every 5 years as long as 
contamination remains above levels that prevent unrestricted use. 
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TABLE 4-1 
Screening of General Response Actions for DNAPL and Dissolved Plume of Chlorinated Compounds and Metals 
Site 47 Feasibility Study  
NSF-IH, Indian Head, Maryland 

Evaluation 
Action General Response 

Action 
Remedial Action 
or Technology Process Options Effectiveness Implementability

Relative 
Cost Retain Reject

Screening 
Comments 

NO ACTION None Not applicable Does not protect human 
health or the environment. 
Does not satisfy RAOs. 

Easily implemented. None X  Retain as baseline 
alternative. 

LAND USE 
CONTROLS 

Administrative 
restrictions 

Deed or groundwater use 
restrictions 

Effectiveness depends on 
continued future 
implementation regardless 
of property use or 
ownership. Does not reduce 
contaminant levels. 

Easily implemented 
on NSF-IH property. 

Low X  Will likely be used with 
other remedial 
alternative(s) until RAOs 
are met. 

MONITORING Monitoring Groundwater Monitoring 
(including natural 
attenuation) 

Natural Attenuation – 
Removal of 
contamination through 
treatment using naturally 
occurring processes, 
such as biodegradation 
and physical/chemical 
processes. 

Does not protect human 
health or the environment. 
Does not satisfy RAOs. 

Easily implemented. 
Existing monitoring 
wells may be used 
for a groundwater-
monitoring program.

Low capital, 
low O&M 

X  Natural attenuation can 
be used for polishing 
step. 

CONTAINMENT Vertical barriers Sheet piling 
(mechanically driven into 
ground, forming a 
physical barrier around 
areas of contamination) 

Effective for physical 
containment of both DNAPL 
and dissolved plumes of 
chlorinated organics and 
metals. However, standard 
sheeting is not completely 
impermeable. 

Relatively easy 
implementation due 
to shallow 
contamination 

High capital  X Will not remove or reduce 
volume of contamination. 

 Vertical barriers Slurry wall (trench 
around areas of 
contamination filled with 
a low-permeability soil-
bentonite or cement-
bentonite slurry material) 

Effective for physical 
containment of both DNAPL 
and dissolved plumes of the 
chlorinated organics and 
metals. 

Relatively easy 
implementation due 
to shallow 
contamination 

High capital  X Will not remove or reduce 
volume of contamination. 
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TABLE 4-1 
Screening of General Response Actions for DNAPL and Dissolved Plume of Chlorinated Compounds and Metals 
Site 47 Feasibility Study  
NSF-IH, Indian Head, Maryland 

Evaluation 
Action General Response 

Action 
Remedial Action 
or Technology Process Options Effectiveness Implementability

Relative 
Cost Retain Reject

Screening 
Comments 

IN SITU TREATMENT Physical Treatment Surfactant/Cosolvent 
Flushing – dissolution 
and displacement of 
DNAPL using surfactants 
or cosolvents. 
Contaminant is then 
recovered with the 
groundwater through ex 
situ treatment. 

Have been demonstrated to 
work on chlorinated solvent 
DNAPL. Less effective in 
heterogeneous and low 
permeability zone. Potential 
of downward mobilization of 
DNAPL. 

A pilot test is 
required to 
determine the most 
effective type of 
cosolvent and/or 
surfactant and the 
operating 
conditions. Ex situ 
treatment system is 
also required, as 
well as air emission 
permit. 

Moderate to 
High. 

Additional 
costs incurred 
for disposal. 

 X May cause potential 
downward mobilization of 
DNAPL. 

 Physical Treatment In-Well Stripping – 
sparging the water within 
the well to remove 
contaminants by 
volatilization, and 
pumping the water out 
through separate screens 
higher in the well. 

Effective for the dissolved 
phase contaminant but 
potentially time consuming 
for DNAPL because slow 
dissolution becomes the 
limiting factor. May require 
circulation of a very large 
volume of water. 

Readily 
implementable 
based on technical 
and administrative 
implementability, 
although air permit 
may be required. 

Thin saturated 
thickness decreases 
implementability. 

Moderate to 
High 

 X Not a direct treatment for 
DNAPL, potential 
prolonged timeframe at 
Site 47.  

IN SITU TREATMENT  Thermal Treatment Steam Injection to 
volatilize and mobilize 
both DNAPL and 
dissolved phase 
contaminants. 
Condensed steam and 
contaminants are 
recovered at extraction 
wells. 

Have been demonstrated to 
work on chlorinated solvent 
DNAPL and dissolved 
phase. Less effective in 
heterogeneous and low 
permeability zone. Potential 
of downward mobilization of 
DNAPL. 

Readily 
implementable 
based on technical 
and administrative 
implementability, 
although air permit 
may be required. 

High 

Additional 
costs incurred 
for steam 
generation 
and recovery. 

 X May cause potential 
lateral and downward 
mobilization of DNAPL. 
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TABLE 4-1 
Screening of General Response Actions for DNAPL and Dissolved Plume of Chlorinated Compounds and Metals 
Site 47 Feasibility Study  
NSF-IH, Indian Head, Maryland 

Evaluation 
Action General Response 

Action 
Remedial Action 
or Technology Process Options Effectiveness Implementability

Relative 
Cost Retain Reject

Screening 
Comments 

 Thermal Treatment Electrical Resistance 
Heating (ERH) – 
Removal of 
contaminations through 
volatilization by in situ 
heating. 

Demonstrated effective on 
both DNAPL and dissolved 
phase contaminants. 
Effective in heterogeneous 
and low permeability zone. 

Readily 
implementable. 

High  X High cost and excessive 
for a limited DNAPL area 
at Site 47.  

 Chemical Treatment In Situ Chemical 
Oxidation – treatment of 
DNAPL and dissolved 
phase through chemical 
reactions by addition of 
oxidant, such as 
permanganate or 
persulfate. 

Demonstrated effective for 
treatment of DNAPL and 
dissolved chlorinated 
compounds. However, 
ISCO may temporarily 
mobilize heavy metals.  

Readily 
implementable 

Moderate X  Expected to be effective 
for the source treatment 
of the DNAPL area. 

 Chemical Treatment In Situ Chemical 
Reduction – treatment of 
DNAPL and dissolved 
phase through chemical 
reactions by addition of 
reductant, such sodium 
dithionite, calcium 
polysulfide, or injectable 
nano-scale or micro-
scale Zero Valent Iron 
(ZVI). 

ZVI has been demonstrated 
to be capable to degrade 
CT.  

Although still considered as 
innovative technology, 
sodium dithionite has been 
shown to degrade 
chlorinated solvent primarily 
CT in field studies.  

Calcium polysulfide has 
been widely used for 
stabilization of heavy 
metals. However, because 
its reduction potential is 
greater than ZVI, it is 
theoretically capable of 
degrading CT. 

Because it is an 
innovative 
technology, 
implementation of 
either dithionite or 
polysulfide would 
require a bench-
scale and a pilot 
test to determine 
the optimum 
operating conditions 
during the full-scale 
implementation. 

Moderate. 
Comparable 
to ISCO. 

X  Expected to be effective 
for the source treatment 
of the DNAPL area or 
downgradient reactive 
barrier. 
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TABLE 4-1 
Screening of General Response Actions for DNAPL and Dissolved Plume of Chlorinated Compounds and Metals 
Site 47 Feasibility Study  
NSF-IH, Indian Head, Maryland 

Evaluation 
Action General Response 

Action 
Remedial Action 
or Technology Process Options Effectiveness Implementability

Relative 
Cost Retain Reject

Screening 
Comments 

 Biological Treatment Enhanced anaerobic 
bioremediation and metal 
stabilization using 
combination controlled 
released carbon source 
and zero valent iron 
(such as EHC-M) or 
combination of 
organosulfides and 
lactate (such as Metal 
Remediation Compound 
– MRC) 

Demonstrated effective for 
treatment of dissolved 
plumes of chlorinated 
organics and metals. 
Treatment of chlorinated 
organic is accomplished 
through enhanced abiotic 
and biotic degradations. 
Metals are immobilized in 
situ through complexation. 

Readily 
implementable 
although bench 
and/or pilot scale 
testing is likely 
required. 

Moderate 
capital, low 
O&M 

X  Can be used for the 
dissolved plume 
treatment following the 
DNAPL 
removal/treatment, as 
well as mitigating 
elevated dissolved 
metals. 

In Situ Treatment Biological Treatment Phytoremediation 
(degradation through the 
use of plants using 
processes such as 
enhanced rhizosphere 
biodegradation, hydraulic 
control, 
phytodegradation, and 
phytovolatilization  

May be effective for the 
dissolved phase plumes of 
organic and inorganic 
contaminants. Not effective 
for DNAPL. However due to 
the contamination depth, 
may not be effective for Site 
47. 

Less readily 
implementable.  

Moderate to 
low 

 X Not effective on DNAPL. 

Considered innovative. 
Potentially prolonged 
remediation timeframe. 

May require significant 
modification to the current 
land use to accommodate 
the plants. 

In Situ Treatment Physical/Chemical 
Treatment 

Air sparging (air is 
injected into the aquifer 
to maximize 
contaminant 
volatilization to the 
vapor phase) 

Effective for dissolved 
phase Chlorinated 
compounds. Process will 
induce an aerobic condition, 
unfavorable for reductive 
dechlorination. Rate-limited 
by dissolution and diffusion. 
Geometry unfavorable. 

Easily implemented 
because 
contamination is 
shallow and 
subsurface is 
permeable. 

Moderate 
capital, 
moderate 
O&M 

 X Potentially impractical 
due to the prolonged 
remediation timeframe 
because of the slow 
dissolution rate of DNAPL 
to groundwater. 

Note: Shaded area indicates retained technology
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TABLE 4-2 
Preliminary Screening of the Viability of Natural Attenuation1 
Site 47 Feasibility Study 
NSF-IH, Indian Head, Maryland 

Screening Criteria for Concentration in Most Contaminated Zone 

Site 
Upgradient 

Well Concentration in Most Contaminated Zone 

Parameter Range Value Interpretation 
IS47MW012 

(2001) IS47MW03 
Points 

Awarded IS47MW04
Points 

Awarded 

<0.5 mg/L 3 Tolerated, suppresses the reductive pathway at higher 
concentrations - 4.0 0 2.4 0 

OXYGEN 

>5 mg/L -3 Not tolerated. - – –  - - 

Nitrate <1 mg/L 2 At higher concentrations may compete with reductive pathway 8.9 1.8 0 0.025U 2 

Iron (II) >1 mg/L 3 Reductive pathway possible - 0.9 1 6.7 3 

Sulfate <20 mg/L 2 At higher concentration may compete with reductive pathway - 13 2 8.7 2 

Sulfide >1 mg/L 3 Reductive pathway possible - 0.13 0 0.37 0 

Methane >0.5 mg/L 3 Ultimate reductive product - 0.025U 0 0.025U 0 

<50 millivolts (mV) 1 Reductive pathway possible - 136 0 125 0 
ORP 

<-100 mV 2 Reductive pathway likely - - - - - 

5< pH < 9 0 Optimal range for reductive pathway - 5.35 0 - - 
pH  

pH<5 or pH>9 -2 Outside optimal range for reductive pathway - - - 3.77 -2 

TOC >20 mg/L 2 Carbon and energy source; drives dechlorination - 10U 0 10U 0 

Temperature3 >20°C 1 Biochemical process is accelerated - 23.02 1 21.93 1 

Alkalinity 2x background 1 Results from interaction between CO2 and aquifer minerals - 20U 0 - 0 

Chloride 2x background 2 Reaction product of organic chlorine 44 27 0 160 2 

BTEX >0.1 mg/L 2 Carbon and energy source; drives dechlorination  – ND 0 0.049 0 
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TABLE 4-2 
Preliminary Screening of the Viability of Natural Attenuation1 
Site 47 Feasibility Study 
NSF-IH, Indian Head, Maryland 

Screening Criteria for Concentration in Most Contaminated Zone 

Site 
Upgradient 

Well Concentration in Most Contaminated Zone 

Parameter Range Value Interpretation 
IS47MW012 

(2001) IS47MW03 
Points 

Awarded IS47MW04
Points 

Awarded 

PCE,TCE, CT 
(µg/L)   0 Material released 130 23, ND - 2,700; 210; 

39,000 0 

Cis-1,2-DCE, 
CF  2 Intermediate breakdown product 15 ND 0 110; 38,000 2 

VC, MC, CM  2 Intermediate breakdown product ND ND 0 10U; 87B; 10U 0 

Ethene/Ethane  >0.01 mg/L 2 Ultimate breakdown product  - 0.033 U/0.013U 2 0.033U 0 

Ethene/Ethane >0.1 mg/L  3 Ultimate breakdown product   –  - 0.12 3 

      Total Score  8 13 

   Score Interpretation  Limited evidence of 
reductive dechlorination 

Limited evidence of 
reductive dechlorination

Notes: 
1. Per EPA 1998 Guidance 

2 May not represent true site background condition. 
3 Temperature measurements collected in summer months. Temperatures may decrease with seasonal fluctuation. 
 

Total Score Interpretation 

0 to 5 Inadequate evidence for reductive dechlorination 

6 to 14 Limited evidence for reductive dechlorination 

15 to 20 Adequate evidence for reductive dechlorination 

>20 Strong evidence for reductive dechlorination 
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TABLE 4-3 
SourceDK Tier-3 NAPL Dissolution Model, Scenario and Results for CT and PCE 
Site 47 Feasibility Study 
NSF-IH, Indian Head, Maryland 

 Source Zone (IS47MW03 and IS47MW04) 

INPUT PARAMETERS 

Type of Media Non-uniform silty sand  

To be conservative, the highest concentration of applicable 
constituent is used. 

Initial Aqueous-Phase Concentration in Source Zone 
 

CT= 39 mg/L 
From IS47MW04 (2004) 

PCE =2.7 mg/L 
From IS47MW04 (2004) 

Desired Cleanup Level (SRG) CT= 0.0633 mg/L (risk-based) and 
0.005 mg/L (MCL) 

PCE =0.455 mg/L (risk-
based) and 0.005 mg/L 
(MCL) 

Density NAPL Fluid CT= 1.595 g/ml 
Table 3-2 Physical Properties of 
Organic Compounds 6th Edition, 
1984 of Perry's Chemical 
Engineers 

PCE = 1.624 g/mL 
Table 3-2 Physical Properties 
of Organic Compounds 6th 
Edition, 1984 of Perry's 
Chemical Engineers 

Initial NAPL Saturation  Represents the soil pore space that is filled with NAPL. It is 
assumed that this is equal to the effective porosity of 0.25 

Uncertainty in NAPL Saturation This unit less factor represents an estimate of how much 
uncertainty is associated with the NAPL saturation being modeled in 
Source DK. Default value range of 2 to 100 with 2 being the least 
uncertain. 
Because the uncertainty is high, the value is assumed to be 100. 

Natural Groundwater Seepage Velocity 10.68 ft/yr 
This unit is the actual interstitial groundwater velocity of travel and 
equal the Darcy velocity divided by the effective porosity. Involves 
several estimates including:  
• Estimated effective porosity of 0.25 
• Darcy Velocity Equals = 2.67 ft / day based upon an hydraulic 

gradient estimated at 0.00252 ft/ft between applicable wells  
• Lowest hydraulic conductivity between the wells used for area 
 

Length of Source Zone Parallel to Groundwater Flow An estimated value of 100 ft was used from interpolated iso-
concentration maps depicted concentration contours equivalent to 
the DNAPL zone. 

Is this a Pumping Scenario 
Does employing the use of a pump in the source 
zone result in mass transfer effects, changing the 
pore values required to remediate the source zone 

NO. The objective is estimate the timeframe to flush DNAPL based 
on sole reliance of NA processes. 

Typical groundwater seepage velocity while pumping NA  

RESULTS CT  PCE 

Estimated timeframe to Flush Out Constituents and 
Achieve Desired Cleanup Level 

Construction 
worker PRG 
(63.3 µg/L) 

SRG/MCL 
(5 µg/L) 

Construction 
worker PRG 
(455 µg/L) 

SRG/MCL 
(5 µg/L) 

Upper (years) 146,000 228,000 1,560,000 2,150,000 

Median (years) 1,460 2,280 15,600 21,500 

Lower (years) 14.6 22.8 156 215 
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TABLE 4-4 
SourceDK Tier-3 Dissolved Phase Attenuation, Scenario and Results for CT and PCE 
Site 47 Feasibility Study 
NSF-IH, Indian Head, Maryland 

 Source Zone (IS47MW03 and IS47MW04) 

INPUT PARAMETERS 

Original Constituent Concentration (Co) – mg/L 

Concentration will be varied to yield the timeframe to flush out 
constituent and achieve the cleanup goal within 30 years or less. 
The initial concentration would become the end point for the active 
source treatment.  

Desired Cleanup Level CT= 0.0633 mg/L (risk-based) and 
0.005 mg/L (MCL) 

PCE =0.455 mg/L (risk-
based) and 0.005 mg/L 
(MCL) 

Length of Source Zone Parallel to Groundwater Flow 
An estimated value of 100 ft was used from interpolated isopleth 
maps depicted concentration contours equivalent to the DNAPL 
zone. 

Natural Groundwater Seepage Velocity 

10.68 ft/yr 
This unit is the actual interstitial groundwater velocity of travel and 
equal the Darcy velocity divided by the effective porosity. Involves 
several estimates including:  
• Estimated effective porosity of 0.25 
• Darcy velocity equals = 2.67 ft / day based upon an hydraulic 

gradient estimated at 0.00252 ft/ft between applicable wells  
• Lowest hydraulic conductivity between the wells used for area 
 

Fraction of organic carbon (foc) - unitless 

foc = 0.001 (default value) 
The site-specific foc is approximately 0.0006 (based on average soil 
TOC of 600 mg/kg (CH2M HILL, 2003), however this value is below 
the minimum value for linear sorption equation used in the model. 

Bulk density (pd) g/ml 1.85 g/ml (Table 7-3, Final RI) 

Effective porosity (ne) – unitless 0.25 

Octanol Water Partition Coefficient (Koc) 
 

CT 
Koc = 152 L/kg 

PCE 
Koc = 265 L/kg 

RESULTS CT PCE 

 

Construction 
worker PRG 
(63.3 µg/L) 

SRG/MCL 
(5 µg/L) 

Construction 
worker PRG 
(455 µg/L) 

SRG/MCL 
(5 µg/L) 

Source Treatment End Point Concentration (µg/L) 
resulting within 30-year timeframe for sole reliance of 
NA to achieve a target goal 

500 30 1,250 12 

Timeframe to reduce the CT and PCE 
concentrations from 500 µg/L to a target goal (years) 30 52 14 40 

Notes: 
1 – The timeframe is approximately 15 years. 

 



TABLE 4-5 
Oxidation Potential for Selected Oxidants 
Site 47 Feasibility Study 
NSF-IH, Indian Head, Maryland 

Oxidant Oxidation Potential (Eo) (Volts) 

Fluorine 3.03 

Hydroxyl radical 2.8 

Sulfate radical 2.6 

Ozone 2.07 

Persulfate anion 2.01 

Hydrogen peroxide 1.70 

Permanganate 1.68 

 
 

TABLE 4-6 
Assembly of Remedial Alternatives 
Site 47 Feasibility Study 
NSF-IH, Indian Head, Maryland 

Technology/ Process Option 
Alternative 1 

No Action 

Alternative 2 
ISCO for Source Treatment, 
Downgradient Barrier, NA, 

LTM, and LUCs  
No Action X   

Administrative Restrictions on 
Land and Groundwater Use  X  

Groundwater Monitoring 
including for NA Parameters  X  

ISCO  X  

Natural Attenuation X X  

 



FIGURE 4-1 
Degradation Pathways of CT, PCE and Tetrachloroethane 

Site 47 Feasibility Study  
NSF-IH, Indian Head, Maryland 

 
Source: EPA, 1998 
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SECTION 5 

Descriptions and Detailed Analysis of Remedial 
Alternatives 

The RAs discussed in Section 4 are further described and evaluated both individually and 
comparatively in this section. Additional screening of remedial alternatives was not 
necessary because of the limited number of technologies remaining following the 
technology screening described in Section 4. 

5.1 Descriptions of Remedial Alternatives 
This section describes the RAs in further detail.  

5.1.1 Alternative 1: No Action 
The No-Action alternative is required by the NCP and serves as the baseline alternative. All 
other RAS are judged against the no-action alternative. Under this alternative, no controls or 
remedial technologies will be implemented. As mentioned in Section 4.4, the NCP [40 CFR 
300.430(f)(4)(ii)] requires that the site be reviewed every 5 years as long as contamination 
remain on site at levels preventing unrestricted use. However the cost associated with the 
reviews was not included in the assessment of the No-Action Alternative. 

5.1.2 Alternative 2: Source Area Treatment Using ISCO, NA, Groundwater 
Monitoring, and LUCs 

Alternative 2 consists of: 

• Implementing ISCO using alkaline-activated sodium persulfate in the source area where 
CT is greater than 500 μg/L 

• Using NA processes for the remaining dissolved plume and the source area following 
the active treatment  

• Conducting long-term groundwater monitoring  

• Enforcing LUCs in the form of land and groundwater use restrictions. 

Alternative 2 relies on NA processes to achieve the SRGs within the AA outside the source 
area. As discussed in Section 4.3.4, the source area treatment would have to reduce the 
concentrations of CT within the source area to at least 500 μg/L in order for NA processes to 
achieve the SRGs in the AA within 52 years. Therefore, under Alternative 2, the target 
concentrations of CT and PCE during ISCO within the source area are assumed to be 500 
μg/L. The estimated remediation timeframe to achieve the SRGs and the proposed 
groundwater monitoring duration is 52 years based on this assumption. 
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Figure 5-1 shows the conceptual design of Alternative 2, including the approximate 
locations of ISCO injection points and the location of monitoring wells for assessing the 
remedy performance. 

A pilot study would be required before the full-scale implementation to determine the 
optimum operating conditions for ISCO. 

5.1.2.1 LUCs – Land and Groundwater Use Restrictions 

Under Alternative 2, the site would be designated as a “restricted use” area in the NSF-IH 
geographic information system (GIS). This designation would place controls on intrusive 
activities such as excavation, residential development, or use of groundwater. An LUCIP 
would be developed for the site. Records of the groundwater contamination would also be 
kept in the GIS/environmental database. The restricted-use designation would remain in 
place until groundwater monitoring indicates that the SRGs have been met. 

5.1.2.2 ISCO Pilot Test 

Explosive and heat- and shock-sensitive materials are stored at and around Site 47. The 
results of the bench-scale studies indicate that sodium persulfate with alkaline activation 
was demonstrated to be the most efficient and compatible oxidant for Site 47. At the time 
this FS report was being written, planning activities had initiated for the spring 2008 pilot 
study implementation, so the cost associated with the pilot study is not included in this FS’s 
cost estimate.  

The target area for pilot study is approximately 3,750 square feet within the inferred 
residual DNAPL area in the vicinity of monitoring wells IS47MW03 and IS47MW04. 
Alkaline-activated sodium persulfate will be injected into the vertical interval of 6 to 18 feet 
bgs. Based on the results of the bench-scale studies, approximately 70,400 pounds of sodium 
persulfate activated with approximately 31,500 pounds of sodium hydroxide will be 
delivered into the pilot study target area in two injection events11 (CH2M HILL, 2007). The 
performance of the pilot test would be monitored before and after the injection based on the 
groundwater sampling from the 10 monitoring wells; four existing wells (IS47MW01, 
IS47MW03 through IS47MW05) and six additional monitoring wells (IS47MW20 through 
IS47MW25). Saturated soil samples will also be collected to assess the performance of the 
technology. The heat or gas generation associated with the oxidation reactions using the 
alkaline-activated sodium persulfate was shown to be minimal during the bench-scale 
studies. However, as precautionary measure, eight passive soil venting points (IS47SV01 
through IS47SV08) will be installed to provide escape route for the gas that could be 
generated from the oxidation reactions. Detailed information about the pilot study is 
presented in CH2M HILL (2007). 

During the pilot test, heat or gas evolution would be monitored. The longevity of the metal 
mobilization will be evaluated to determine the need for mitigation. The results of the pilot 
test would be used to design the full-scale remediation system. 

                                                      
11 Assuming the target concentration of sodium persulfate at the injection point is 55 g/L and the degradation ratio is 
equivalent to 36 lbs/lb (CH2M HILL, 2007) 
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5.1.2.3 Full-Scale Alkaline-Activated Sodium Persulfate Injection 

For cost estimating purposes, the full-scale implementation assumes the same operating 
configuration as the pilot study. The injection will be accomplished through permanent 
injection points that would be spaced 20 feet apart for a full coverage of the inferred residual 
DNAPL area outside the pilot study target area (15,600 square feet) and the source area 
outside of the explosive or magazine storage areas. The radius of influence of each injection 
point is assumed to be 10 feet. Additional injection points within the source zone would be 
beneficial; however, safety concerns in the vicinity of magazines preclude oxidant injection 
within 10 feet of the magazines or building; therefore approximately 13,000 square feet of 
the area will not be accessible for injection. As shown on Figure 5-1, approximately 62 
injection points, which consist of 48 injection points to be installed during the full-scale 
remedy and 7 shallow and 7 deep injection wells to be installed during the pilot study, are 
planned for the source area. 

Assumming a treatment area of 46,300 square feet, a vertical target interval of 12 feet in 
thickness, and an effective porosity of 0.3, the mass of soil requiring treatment is 
approximately 64,167,135 (29,105,757 kilograms). Based on the bench-scale studies, the 
target and non-target demand is approximately 36 pounds of sodium persulfate per pound 
of target COC within the DNAPL area and ranges from 18 to 22 pounds of sodium 
persulfate per pound of target COCs for the remaining source zone area. The initial average 
total target COC concentration in soil within the inferred DNAPL area is 12milligrams per 
kilogram and 1 milligram per kilogram within the remaining source zone. The total mass of 
sodium persulfate required to treat the contaminated thickness within the source area is 
approximately 13,200 pounds. The estimated amount of sodium hydroxide to maintain pH 
above 10.512 is approximately 66,850 pounds. The oxidant is assumed to be delivered into 
permanent injection wells in two injection events. The total duration for persulfate injection 
is estimated to be 13 weeks and 7 weeks for the first and second injection events, 
respectively, assuming injection 5 days per week at 10 hours per day.  

5.1.2.4 Performance and Long-Term Groundwater Monitoring 

The monitoring program for evaluation of the remedy performance under Alternative 2 
would continue for 52 years. The program would consist of performance monitoring of the 
ISCO for the source area treatment during the 24 months and of NA for the remaining 50 
years.  

For cost estimating purposes, two additional monitoring wells (IS47MW26 and IS47MW27) 
would be installed downgradient of the source area. These two new wells, the six 
monitoring wells to be installed during the pilot study (IS47MW20 through IS47MW25), and 
the seven existing monitoring wells (IS47MW01, IS47MW03 through IS47MW06, IS47MW10, 
and IS47MW12) will be used in the long-term monitoring of groundwater quality. 

ISCO Source Treatment Monitoring. The performance of alkaline-activated sodium persulfate 
for source area treatment would be monitored by sampling saturated soil and groundwater 
before, during, and after the injection. The monitoring events would consist of a baseline 

                                                      
12 Recent findings suggest the application with lower pH but maintaining the pH greater than 10.5 is assumed to be 
conservative (Communication of Susanne Borchert of CH2M HILL with Dr. Richard Watts and Dr. John Haselow in May/June 
2007). 
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event and a 6-month post-injection event following each injection event. Table 5-1 
summarizes the sampling and analysis requirements for the ISCO performance monitoring 
for Alternative 2. 

Throughout the injection activities, lower explosive limit monitoring will also be conducted 
for the passive soil venting points installed during the pilot study to assess potential gas 
generation, in the event that explosives are stored in the magazines within the treatment 
area during the full-scale implementation of the technology.  

Natural Attenuation Monitoring. Two types of monitoring wells are typically used to monitor 
plume behavior over time for assessing enhanced degradation or NA processes: 
performance monitoring wells (PMWs) and contingency (monitoring) wells (CWs). PMWs, 
located upgradient from, within, and immediately downgradient of the treatment zone, are 
used to monitor the attenuation processes. CWs are placed beyond the downgradient 
boundaries of the plume to ensure that the potential receptors are not affected. Exceedance 
of trigger levels at the CWs may prompt implementation of a contingency plan.  

All the wells would be considered as PMWs, with the exception of well IS47MW12, which 
would be treated as a CW. All wells would be monitored quarterly for one year from Year 2 
to Year 3, and annually from Year 3 through Year 52. Table 5-1 provides conceptual 
requirements for the long-term groundwater monitoring program for cost estimating 
purposes. The requirement, frequency, and duration of groundwater monitoring may be 
changed based on the remedy performance and the results of the 5-year reviews. A detailed 
long-term monitoring plan will be developed after the ROD is signed.  

5.2 Evaluation Criteria 
Each alternative was developed to address potential threats to human health and the 
environment posed by contaminated groundwater. The NCP requires the remedial 
alternatives be evaluated against the nine criteria listed below. 

Threshold Criteria 
• Protection of human health and the environment 
• Compliance with ARARs 

Balancing Criteria 
• Long-term effectiveness and permanence 
• Reduction of toxicity, mobility, and volume through treatment 
• Short-term effectiveness 
• Implementability 
• Cost 

Modifying Criteria 
• State acceptance 
• Community acceptance 

The first criterion is a requirement that must be met. The second threshold criterion must be 
met unless specific ARARs are waived. The first seven criteria are addressed in this FS. The 
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last two criteria will be addressed in the Proposed Plan and ROD. Figure 5-2 summarizes 
the NCP criteria. 

The cost estimates presented in this FS only provide an accuracy of +50 percent to 
-30 percent. The cost estimates were developed using 2004 and 2005 dollars that were 
adjusted to 2007 dollars using an inflation factor of 4 percent and based on conceptual 
design information available at the time of this study. The actual cost of the project would 
depend on the final scope and design of the selected remedial action, the schedule of 
implementation, competitive market conditions, and many other variables. Most of these 
factors are not expected to affect the relative cost differences between alternatives. The cost 
estimates were prepared in general conformance with A Guide to Developing and 
Documenting Cost Estimates during the Feasibility Study (EPA, 2000). 

Expenditures that occur over different time periods were returned to present worth, which 
discounted all future costs to a common base year. Present-worth analysis allows the cost of 
remedial action alternatives to be compared on the basis of a single figure representing the 
amount of money that, if invested in the base year and disbursed as needed, would be 
sufficient to cover all costs associated with the life of the remedial project. Assumptions 
associated with the present-worth calculations included a discount rate of 5.2 percent for 30-
year timeframe (OMB, 2006), cost estimates in the planning years in constant dollars, and a 
performance period that would vary depending on the activity. 

The unit costs were obtained from the Site Work and Landscape Cost Book (R.S. Means, 2004a), 
Environmental Cost Handling Options and Solutions (ECHOS) Unit Price Data (R.S. Means, 
2004b), 2005 Navy CLEAN Basic Ordering Agreements (BOAs), and written as well as 
verbal information from vendors.  

5.3 Detailed Evaluation of Remedial Alternatives 
This section analyzes Alternatives 1 and 2 in detail.  

5.3.1 Alternative 1—No Action 
This alternative is required under the NCP. Under this alternative, no further effort or 
resources would be expended to remediate contaminated groundwater at Site 47. Because 
contaminated media would be left on the site, a review of site conditions would be required 
every 5 years, as specified by the NCP. Alternative 1 serves as the baseline against which the 
effectiveness of other alternatives is judged.  

5.3.1.1 Overall Protection of Human Health and the Environment 

Residual risks are identical to those identified in the baseline risk assessment. Accordingly, 
the No-Action alternative is not protective of human health and the environment. This 
alternative does not provide any means to prevent exposure to contaminated water nor 
measures to reduce contamination to acceptable levels that would allow unrestricted use. 
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5.3.1.2 Compliance with ARARs 

Chemical-Specific ARARs. All COCs in the shallow aquifer would remain out of compliance 
with their SRGs for an unacceptably long period of time. As noted in Section 4.0, 
achievements of SRGs for CT and PCE residual DNAPL through the sole reliance to natural 
processes would be on the order of thousands of years. 

Location-Specific ARARs. There are no location-specific ARARs for this alternative because 
no remedial actions would be undertaken. 

Action-Specific ARARs.There are no action-specific ARARs for this alternative because no 
remedial actions would be undertaken. 

5.3.1.3 Long-Term Effectiveness and Permanence 

The No-Action alternative essentially would be incapable of reducing the residual risk 
associated with groundwater contamination. Because this alternative involves no 
remediation, engineering, LUCs, or monitoring, and relies solely on natural processes, the 
adequacy and reliability of this alternative is very low. Accordingly, this alternative is 
ineffective over the long term. 

5.3.1.4 Reduction of Toxicity, Mobility, and Volume through Treatment 

This alternative does not reduce toxicity, mobility, or volume through active treatment. 
Based on the preliminary assessment, natural processes are considered ineffective and very 
slow. 

5.3.1.5 Short-Term Effectiveness 

There is no construction associated with this alternative, so there are no adverse short-term 
impacts on workers, the community, or the environment. However, the timeframe to 
achieve RAOs would be unacceptably long. 

5.3.1.6 Implementability 

This alternative does not have a monitoring or construction component associated with it. 
Therefore, there are no issues concerning its technical implementation. However, the 
administrative implementability of this alternative is low in terms of its ability to obtain 
approvals from other agencies. 

5.3.1.7 Cost 

Taking no action would require no capital or O&M expenditures. 

5.3.2 Alternative 2 – Source Area Treatment Using ISCO, NA, Groundwater 
Monitoring, and LUCs 

Alternative 2 consists of implementing ISCO using alkaline-activated persulfate within the 
source area, using NA methods following active treatment, establishing land use and 
groundwater use restrictions, and conducting long-term groundwater monitoring. 
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The remediation timeframe to achieve the SRGs and the proposed groundwater monitoring 
duration is projected to be 52 years. However, the duration to achieve the 500 μg/L from the 
initial concentrations of 39,000 μg/L for CT within the source area is estimated to be 2 years. 

5.3.2.1 Overall Protection of Human Health and the Environment 

Alternative 2 is protective of human health and the environment. This alternative would 
actively treat the residual DNAPL and the high-concentration dissolved COCs. LUCs would 
prevent exposure to groundwater until RAOs are met. 

5.3.2.2 Compliance with ARARs 

As described below, Alternative 2 would comply with all ARARs. 

Chemical-Specific ARARs. Chemical specific ARARs for the COCs would be able to be 
achieved within an estimated timeframe of 52 years or less.  

Location-Specific ARARs. This alternative is anticipated to meet all the location-specific 
ARARs. 

Action-Specific ARARs. The main action-specific ARARs are the requirements for 
underground injection. Erosion and sediment controls are action-specific ARARs as well as 
location-specific ARARs. Relevant safety precautions specific to operations at Site 47 would 
be closely followed to minimize any interferences with the ongoing activities at the site. 

5.3.2.3 Long-Term Effectiveness and Permanence  

Magnitude of Residual Risks. CT is projected to decline from its current maximum 
concentration of about 39,000 μg/L to 500 μg/L over a 2-year period within the persulfate 
injection area. Following the source treatment, natural processes are expected to reduce the 
COC concentrations to SRGs within the entire AA over a projected timeframe of 52 years.  

LUCs would prevent human exposure to groundwater. Migration of the contamination to 
the currently unaffected media would be reduced as the contamination sources are removed 
through ISCO, and natural processes would mitigate the remaining AA.  

Adequacy and Reliability of Controls. As discussed in Section 5.1.2.1, LUCs are expected to be 
adequate and reliable, and groundwater monitoring can be reliably used to track 
groundwater quality and the behavior of COCs over time.  

The bench-scale studies indicate that alkaline-activated persulfate as an oxidant has been 
shown to effectively treat all phases of the COCs. A pilot study would be recommended to 
determine the optimum design parameters. 

5.3.2.4 Reduction of Toxicity, Mobility, and Volume through Treatment 

The toxicity, mobility, and volume of the chlorinated COCs would be reduced by the 
permanent, irreversible chemical reactions that occur during ISCO. Chlorinated COCs 
would be mineralized to innocuous reaction products.  

The toxicity and mobility of certain metal COCs will be reduced as the valence state is 
changed during these same oxidation reactions (e.g., the oxidation of arsenic (II) to arsenic 
(V) and of thallium (I) to thallium (III) – the more oxidized form of both are less toxic and 
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less mobile). Certain other metals, although not COCs, may increase in mobility and toxicity 
upon oxidation. For example, chromium (III) present in the subsurface may be oxidized to 
the more-mobile and toxic chromium (VI); however, the HHRA evaluated the presence and 
threat of chromium to human health on the assumption that all chromium present was in 
the chromium (VI) state and found no unacceptable risks associated with chromium. Iron is 
a COC at Site 47; under oxidizing conditions, iron will transition from iron (II) to iron (III), 
which is less mobile, although this is a highly reversible reaction; the toxicity of iron is, 
however, insensitive to valence state. The mass of metal COCs will not change because 
metals cannot be destroyed. 

5.3.2.5 Short-Term Effectiveness 

ISCO involves the transportation, handling, and storage of chemicals, some of which are 
oxidizers and therefore inherently hazardous. Their use also involves alkaline activation 
using sodium hydroxide. These considerations require development and adherence to 
health and safety procedures. The safety risks to active magazines and the remediation 
workers during the injection activities will be eliminated or minimized through the active 
soil gas monitoring and the operation of the passive soil venting network if the explosives 
cannot be relocated. If the explosives can be relocated, the risks to the existing structures 
and remediation workers from potential heat or gas generation are no longer present. Safety 
risks to the remediation workers and industrial workers may also be present as a result of 
the high volume of chemical handling. The safety risks, however, can be minimized or 
mitigated by exercising appropriate procedures and cautions during the chemical handling. 

5.3.2.6 Implementability 

Technical Implementability. Alternative 2 is readily implementable. ISCO is, in general, a 
mature technology for groundwater remediation. Persulfate has been less widely used as an 
oxidant in this application than other chemicals; however, it has been used successfully in 
full-scale DNAPL and high-concentration aqueous phase treatments in similar geologic 
settings and, more importantly, it has been demonstrated effective during the bench-scale 
studies. The primary technical challenges in ISCO lie with ensuring appropriate delivery of 
any oxidant; the technologies and maturity of procedures to do this and monitor 
performance are well-established. This is a reliable technology also in that if one application 
is insufficient to meet objectives, additional reagent can be applied through the permanent 
injection wells without a proportional increase in technical challenge or decrease in 
implementability; additional wells are easily added if necessary. The injection wells can be 
installed with readily-available, conventional construction equipment. The equipment used 
for injection is conventional, widely available, and is supplied and operated by numerous 
vendors.  

LUCs are easily implemented by NSF-IH. Should federal government ownership or control 
cease before the RAOs are met, the federal government has procedures and experience 
available to implement permanent LUCs during the transfer process if more active-
remediation is not conducted. 

Administrative Implementability. Compliance with the substantive elements of a Class V 
underground injection permit is necessary. In addition, long-term administrative resources 
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for implementing LUCs would also be required throughout the entire duration of this 
alternative (52 years).  

5.3.2.7 Cost 

The capital cost of this alternative is approximately $ 1.92 million. This cost includes the 
following elements: implementing groundwater use restrictions as part of the LUCs; 
satisfying the permit equivalent requirements for the alkaline-activated persulfate injections; 
constructing the new injection wells and groundwater monitoring wells; developing the 
preconstruction submittals, such as basis of design , work plan, field sampling plan, health 
and safety plan, drawings, specifications and cost estimates, quality assurance project plan, 
and data quality objectives ; injecting alkaline-activated persulfate and conducting the 
associated performance monitoring activities. O&M activities under this alternative are 
associated primarily with the annual and 5-year groundwater monitoring events. Periodic 
costs incurred are associated primarily with the 5-year reviews. The total present worth 
value of this alternative is estimated at $3.44 million. The cost estimate details are provided 
in Appendix H. 
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TABLE 5-1 
Conceptual Monitoring Plan for ISCO Performance and Natural Attenuation 
Site 47 Feasibility Study 
NSF-IH, Indian Head, Maryland 

Media Location Parameter Purpose 
Baseline Monitoring Event 

VOCs Treatment effectiveness 

Field parameters1 Evaluate geochemical indicators 
and system efficiency 

Metals (filtered/unfiltered samples) Evaluate potential metal 
mobilization and formation clogging

Groundwater 15 monitoring wells: 
IS47MW01 (upgradient), 
IS47MW03 through IS47MW06, 
IS47MW10, IS47MW20 through 
IS47MW27, and IS47MW12 
(downgradient) 

Water quality parameters (sulfate, 
chloride, nitrate, alkalinity) 

Evaluate impact of oxidant  

  Methane, ethene, and ethane 
(MEE), PLFA 

Natural attenuation indicators 

Saturated Soil 6 soil borings VOCs Treatment effectiveness 

During Injection Monitoring 

Injection wells All injection wells Injection flow rate and pressure Determine amount of oxidant mass 
added 

Groundwater Select injection and monitoring 
wells 

Field parameters1 Evaluate geochemical indicators 
and system efficiency 

 Monitoring wells Persulfate indicator Evaluate oxidant distribution 

 DPT borings Continuous conductivity profile Evaluate oxidant distribution 

6-Post-Injection Monitoring Event (Year 0 through Year 2) 

VOCs Treatment effectiveness, assess 
concentration rebound 

Field parameters1 Evaluate geochemical indicators 
and system efficiency 

Metals (filtered/unfiltered samples) Evaluate potential metal 
mobilization and formation clogging

Water quality parameters (sulfate, 
chloride, nitrate, alkalinity) 

Evaluate impact of oxidant  

Groundwater 15 monitoring wells: 
IS47MW01 (upgradient), 
IS47MW03 through IS47MW06, 
IS47MW10, IS47MW20 through 
IS47MW27, and IS47MW12 
(downgradient) 

Methane, ethene, and ethane 
(MEE), PLFA 

Natural attenuation indicators 

Saturated Soil 6 soil borings VOCs Treatment effectiveness 

Quarterly Monitoring Event (Year 2 through Year 3) 

VOCs Treatment effectiveness 

Field parameters1 Evaluate geochemical indicators 
and system efficiency 

Metals (filtered/unfiltered samples) Evaluate persistence of potential 
metal mobilization and 
concentration profile over time 

Groundwater 15 monitoring wells: 
IS47MW01 (upgradient), 
IS47MW03 through IS47MW06, 
IS47MW10, IS47MW20 through 
IS47MW27, and IS47MW12 
(downgradient) 

Water quality parameters (sulfate, 
chloride, nitrate, alkalinity, MEE, 
PLFA) 

Natural attenuation indicators  

Annual Monitoring Event (Year 4 through Year 52) 

VOCs Treatment effectiveness 

Field parameters1 Evaluate geochemical indicators  

Metals (filtered/unfiltered samples) Assess the concentration profile 
over time 

Groundwater 15 monitoring wells: 
IS47MW01 (upgradient), 
IS47MW03 through IS47MW06, 
IS47MW10, IS47MW20 through 
IS47MW27, and IS47MW12 
(downgradient) Water quality parameters (sulfate, 

chloride, nitrate, alkalinity, MEE) 
Natural attenuation indicators  

Note: 1Field parameters include DO, pH, temperature, specific conductance, redox – ORP. 
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Figure 5-1
Conceptual Design of Alternative

Site 47 Feasibility Study
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SECTION 6 

Comparative Analysis of Remedial Alternatives 

This section provides a comparative analysis of the RAs based on the seven NCP criteria. 

6.1 Comparative Analysis of Remedial Alternatives 
In the following discussion, the relative advantages and disadvantages of each RA are 
compared. Table 6-1 presents the results of comparative analysis of RAs.  

6.1.1 Overall Protection of Human Health and the Environment 
Alternative 1 is not protective of human health and the environment. Alternative 2 is 
considered protective of human health and the environment because these actions would 
actively treat the residual DNAPL and the high concentrations of dissolved COCs as the 
source of groundwater contamination and prevent the human exposure through the 
continuous implementation of LUCs during the execution of the remedy until RAOs are 
met. Alternative 2 would also prevent or minimize the migration of COC concentrations 
above the SRGs into the currently unaffected media. 

6.1.2 Compliance with ARARs 
Chemical-Specific ARARs. Alternative 1 will not satisfy the chemical-specific ARARs. 
Chemical-specific ARARs for the COCs would be able to be achieved within a projected 
timeframe of 52 years or less under Alternative 2.  

Location-Specific ARARs. Alternative 2 is anticipated to meet all the location-specific 
ARARs. Location-specific ARARs will not be applicable for Alternative 1 because no 
planned activities would be performed. 

Action-Specific ARARs. Alternative 2 is anticipated to satisfy all the requrements of the 
action-specific ARARs, including the underground injection requirement. Under Alternative 
2, relevant safety precautions specific to NSF-IH operations at Site 47 would be closely 
followed to minimize any interferences with the ongoing activities at the site. Action-
specific ARARs will not be applicable for Alternative 1 because no planned activities would 
be performed. 

6.1.3 Long-Term Effectiveness and Permanence  
Magnitude of Residual Risks. Under Alternative 1, the magnitude of residual risks would 
remain the same as the current conditions because no planned activities would be 
performed. Natural processes will reduce contamination, but at unacceptably slow rates. 

Under Alternative 2, CT is projected to decline from the current maximum concentration of 
about 39,000 μg/L to 500 μg/L within a 2-year period in the active treatment area within the 
source area. Following the source treatment, natural processes are expected to reduce the 
COC concentrations to SRGs within the AA over a projected timeframe of 52 years. 
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Under Alternative 2, LUCs are required to prevent human exposure to groundwater. Risks 
associated with migration of contamination to the currently unaffected media would be 
reduced as the contamination sources are removed through active treatment and natural 
processes would mitigate the remaining AA.  

Adequacy and Reliability of Controls. The adequacy and reliability of controls under 
Alternative 1 is very poor. In Alternative 2, LUCs are expected to be adequate and reliable, 
and groundwater monitoring can be reliably used to track remedy performance, 
groundwater quality, and the behavior of COCs over time.  

ISCO using alkaline-activated persulfate (Alternative 2) has been widely implemented in 
full-scale applications and demonstrated to be effective in the bench-scale studies at Site 47. 
A pilot study is currently ongoing to evaluate the effectiveness of alkaline-activated sodium 
persulfate in meeting the SRGs and design the optimum operating conditions for the full-
scale implementation in Site 47 shallow groundwater. 

6.1.4 Reduction of Toxicity, Mobility, and Volume through Treatment 
Alternative 1 does not reduce the toxicity, mobility, or volume of contamination through 
treatment. Negligible COC mass reduction may occur through unverified and slow natural 
processes. Alternative 2 is considered to be the most aggressive scenario, in terms of the 
reduction of toxicity, mobility, and volume of contamination through treatment, because 
this alternative would actively treat the COC mass within the source area.  Following the 
active treatment, Alternative 2 uses NA processes as a polishing step for the entire COC 
plume. 

6.1.5 Short-Term Effectiveness 
The safety risks potentially posed by application of the alkaline-activated persulfate under 
Alternative 2 at Site 47 to the remediation workers, industrial workers, and community 
would be the greatest because of the high volume of chemical handling. The potential for 
heat or gas generation during the oxidation reactions was judged to be minimal during the 
bench-scale studies. However, this conclusion will be validated during the pilot study. The 
risks from the heat and gas generation, if any, will be minimized through the use of the 
passive soil venting network or will be eliminated if the explosives can be relocated during 
the injection activities. As for the impact on the community, it is expected to be negligible.  

Alternative 1 is considered incapable of meeting the RAOs and thus SRGs. Alternative 2 is 
expected to meet the RAOs, and therefore the SRGs, within a period of 52 years or less. The 
estimated timeframe is considered reasonable for Site 47 because the groundwater is not 
currently used. 
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6.1.6 Implementability 
Technical Implementability. Alternative 2 is technically implementable for the Site 47 shallow 
groundwater because it has been demonstrated in a full-scale application for DNAPL 
treatment. However, the safety risks potentially posed by application of this technology at 
Site 47 would be the greatest because of the high volume of chemical handling. 

Alternative 1 would be technically implementable because no planned activities would be 
performed. 

Administrative Implementability. For Alternative 2, an underground injection permit must be 
obtained and met and would require coordination time. In addition, long-term 
administrative resources for implementation of LUCs would also be required throughout 
the entire duration of this alternative (52 years). 

Alternative 1 has a poor administrative feasibility because the likely approval of its 
implementation from other agencies would be unlikely. 

6.1.7 Cost 
Alternative 1 implies zero cost, although it should be noted that the cost for performing the 
5-year reviews as required by CERCLA when the contamination is left in place would not be 
included in the No-Action alternative cost. 

Alternative 2 entails a much higher capital cost because active remediation activities are 
proposed within the source area. 
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TABLE 6-1 
Comparative Analysis of Remedial Alternatives Summary 

Site 47 Feasibility Study  
NSF-IH, Indian Head, Maryland 

Evaluation Criteria 
Alternative 1 

No Action 

Alternative 2  
Source Area Treatment Using ISCO, NA, 

Groundwater Monitoring, and LUCs 

Overall Protection of 
Human Health and the 
Environment 

Not protective of human health and 
the environment 

Adequate protection of human health and the 
environment through active source treatment and 
LUCs. 

Compliance With 
ARARs 

Out of compliance with chemical-
specific ARARs (i.e. SRGs) for 
thousands of years 

Location- and action-specific ARARs 
are not applicable 

Projected to achieve the source treatment goal of 
500 µg/L in 2 years and comply with SRGs in 52 
years. 

In compliance with relevant location- and action-
specific ARARs. 

Long-Term 
Effectiveness and 
Permanence 

Very poor Magnitude of residual risk would diminish 
significantly within shorter timeframe. Adequacy 
and reliability of controls are high. 

Reduction of Toxicity, 
Mobility, or Volume 
Through Treatment 

Practically considered incapable of 
reducing toxicity, mobility, or volume 
of contaminants through treatment 

Aggressively reduce the toxicity, mobility, and 
volume of contamination through treatment. 

Short-Term 
Effectiveness 

No impact to community, workers, and 
the environment form remedial 
activities because this alternative 
involves doing nothing. RAOs will not 
be achieved in thousands of years. 

May pose adverse safety risk to remediation 
workers because of the high volume chemical 
handling. Risks to magazines because of the heat 
or gas generation will be minimal because of the 
use of the soil gas monitoring and the passive soil 
venting network and if explosives can be relocated 
during the injection activities, the risks are no 
longer applicable.  

Projected to comply with RAOs (SRGs) in 52 years 
and achieve the source treatment goal of 500 µg/L 
in 2 years. 

Implementability Has no ability to monitor the 
effectiveness of this remedy and 
ability to obtain approvals from other 
agencies is unlikely. 

Readily implementable and have been 
demonstrated promising in full-scale application for 
DNAPL treatment. 

Cost $0- Capital: $916,700 
Lifetime Present Worth O&M: $1,525,500 
Total Present Worth: $442,200 
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Detected Groundwater Analytical Results  

 



Table A-1
Complete Analytical Results of Monitoring Wells

Site 47, Feasibility Study
NSF-IH, Indian Head, Maryland

Station ID
Sample ID
Sample Date
Chemical Name

Volatile Organic Compounds (UG/L)
1,1,1-Trichloroethane 1 U 1 U 0.7 J 6,300 U 10 U 1 U 3,300 U 10 U 10 U 1 U 10 U 1 U NA 1 U 1 U NA
1,1,2,2-Tetrachloroethane 1 U 1 U 1 U 6,300 U 10 U 3 3,300 U 8 J 8 J 1 U 10 U 1 U NA 1 U 1 U NA
1,1,2-Trichloro-1,2,2-trifluoroethane(Freon-113) NA 3.9 J NA 6,300 U 10 U NA 3,300 U 10 U 10 U NA 10 U NA NA NA NA NA
1,1,2-Trichloroethane 1 U 1 U 1 U 6,300 U 10 U 1 U 3,300 U 1 J 1 J 1 U 10 U 1 U NA 1 U 1 U NA
1,1-Dichloroethane 1 U 1 U 1 U 6,300 U 10 U 0.9 J 3,300 U 10 U 10 U 1 U 10 U 1 U NA 1 U 1 U NA
1,1-Dichloroethene 1.3 1 U 1 U 6,300 U 10 U 3.9 3,300 U 5 J 6 J 1 U 10 U 1 U NA 1 U 1 U NA
1,2,3-Trichlorobenzene NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
1,2,4-Trichlorobenzene 1 U 1 U 1 U 6,300 U 10 UJ 1 U 3,300 U 10 UJ 10 UJ 1 U 10 UJ 1 U NA 1 U 1 U NA
1,2,4-Trimethylbenzene NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
1,2-Dibromo-3-chloropropane 1 U 1 U 1 U 6,300 U 10 U 1 R 3,300 U 10 U 10 U 1 R 10 U 1 R NA 1 R 1 R NA
1,2-Dibromoethane 1 U 1 U 1 U 6,300 U 10 U 1 U 3,300 U 10 U 10 U 1 U 10 U 1 U NA 1 U 1 U NA
1,2-Dichlorobenzene 1 U 1 U 1 U 6,300 U 10 U 1 U 3,300 U 10 U 10 U 1 U 10 U 1 U NA 1 U 1 U NA
1,2-Dichloroethane 2.2 1.5 1 U 6,300 U 10 U 53 3,300 U 60 61 1 U 10 U 1 U NA 1 U 1 U NA
1,2-Dichloropropane 1 U 1 U 1 U 6,300 U 10 U 1 U 3,300 U 10 U 10 U 1 U 10 U 1 U NA 1 U 1 U NA
1,3,5-Trimethylbenzene NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
1,3-Dichlorobenzene 1 U 1 U 1 U 6,300 U 10 U 1 U 3,300 U 10 U 10 U 1 U 10 U 1 U NA 1 U 1 U NA
1,3-Dichloropropane NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
1,4-Dichlorobenzene 1 U 1 U 1 U 6,300 U 10 U 1 U 3,300 U 10 U 4,000 U 1 U 10 U 1 U NA 1 U 1 U NA
2-Butanone 5 U 5 U 5 U 6,300 U 10 U 5 R 3,300 U 5 J 5 J 5 R 10 U 5 R NA 5 R 5 R NA
2-Hexanone 5 U 5 U 5 U 6,300 U 10 U 5 U 3,300 U 10 U 10 U 5 U 10 U 5 U NA 5 U 5 U NA
4-Methyl-2-pentanone 5 U 5 U 5 U 6,300 U 10 U 5 U 3,300 U 10 U 10 U 5 U 10 U 5 U NA 5 U 5 U NA
Acetone 5 U 5 U 5 U 6,300 U 10 U 5 R 3,300 U 31 B 33 B 5 R 10 U 5 R NA 5 R 5 R NA
Benzene 1 U 1 U 1 U 6,300 U 10 U 1 U 3,300 U 5 J 5 J 1 U 10 U 1 U NA 1 U 1 U NA
Bromochloromethane 1 U 1 U 1 U NA NA 1 U NA NA NA 1 U NA 1 U NA 1 U 1 U NA
Bromodichloromethane 1 U 1 U 1 U 6,300 U 10 U 1 U 3,300 U 1 J 10 U 1 U 10 U 1 U NA 1 U 1 U NA
Bromoform 1 U 1 U 1 U 6,300 U 10 U 1 U 3,300 U 10 U 10 U 1 U 10 U 1 U NA 1 U 1 U NA
Bromomethane 1 U 1 U 1 U 6,300 U 10 U 1 U 3,300 U 10 U 10 U 1 U 10 U 1 U NA 1 U 1 U NA
Carbon disulfide 1 U 1 U 1.1 2,200 J 19 2,900 2,800 J 4,700 4,400 1 U 10 U 1 U NA 1 U 1 U NA
Carbon tetrachloride 1 U 3.6 6,500 100,000 3,900 34,000 28,000 39,000 33,000 1 U 10 U 1 U NA 1 U 1 U NA
Chlorobenzene 1 U 1 U 1 U 6,300 U 10 U 1 U 3,300 U 10 U 10 U 1 U 10 U 1 U NA 1 U 1 U NA
Chloroethane 1 U 1 U 1 U 6,300 U 10 U 1 U 3,300 U 10 U 10 U 1 U 10 U 1 U NA 1 U 1 U NA
Chloroform 1 U 2.4 2,000 39,000 1,200 23,000 23,000 38,000 37,000 1 U 10 U 1 U NA 1 U 1 U NA
Chloromethane 1 U 1 U 1 U 6,300 U 10 U 1.1 3,300 U 10 U 10 U 1 U 10 U 1 U NA 1 U 1 U NA
Cumene NA NA NA 6,300 U 10 U NA 3,300 U 10 U 10 U NA 10 U NA NA NA NA NA
Cyclohexane NA NA NA 6,300 U 10 U NA 3,300 U 10 U 10 U NA 10 U NA NA NA NA NA
Dibromochloromethane 1 U 1 U 1 U 6,300 U 10 U 1 U 3,300 U 10 U 10 U 1 U 10 U 1 U NA 1 U 1 U NA
Dichlorodifluoromethane(Freon-12) NA NA NA 6,300 U 10 U NA 3,300 U 10 U 10 U NA 10 U NA NA NA NA NA
Ethylbenzene 1 U 1 U 1 U 6,300 U 10 U 1 U 3,300 U 10 U 10 U 1 U 10 U 1 U NA 1 U 1 U NA
Hexachlorobutadiene NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Methyl acetate NA NA NA 6,300 U 10 U NA 3,300 U 10 U 10 U NA 10 U NA NA NA NA NA
Methyl-tert-butyl ether (MTBE) NA NA NA 6,300 U 10 U NA 3,300 U 10 U 10 U NA 10 U NA NA NA NA NA
Methylcyclohexane NA NA NA 6,300 U 10 U NA 3,300 U 10 U 10 U NA 10 U NA NA NA NA NA
Methylene chloride 2 U 2 U 2 U 4,500 B 10 U 42 R 2,400 B 87 B 91 B 1.5 J 10 U 2 U NA 2 U 2 U NA
Styrene 1 U 1 U 1 U 6,300 U 10 U 1 U 3,300 U 10 U 10 U 1 U 10 U 1 U NA 1 U 1 U NA
Tetrachloroethene 2.1 1.3 5.2 6,300 U 23 1,400 1,300 J 2,700 J 2,600 J 1 U 10 U 1 U NA 1 U 1 U NA
Toluene 1 U 1 U 1 U 1,100 B 1 J 25 540 B 44 45 1 U 10 U 1 U NA 1 U 1 U NA
Trichloroethene 130 4.1 1 U 6,300 U 4 B 120 3,300 U 210 J 210 J 2.6 2 B 1 U NA 1 U 1 U NA
Trichlorofluoromethane(Freon-11) NA NA NA 6,300 U 10 U NA 3,300 U 10 U 10 U NA 10 U NA NA NA NA NA
Vinyl chloride 1 U 2 1 U 6,300 U 10 U 1 U 3,300 U 10 U 10 U 0.8 J 10 U 1 U NA 1 U 1 U NA
Xylene, total 1 U 1 U 1 U 6,300 U 10 U 1 U 3,300 U 10 U 10 U 1 U 10 U 1 U NA 1 U 1 U NA
cis-1,2-Dichloroethene 15 13 1 U 6,300 U 10 U 12 3,300 U 110 120 14 7 J 1 U NA 1 U 1 U NA
cis-1,3-Dichloropropene 1 U 1 U 1 U 6,300 U 10 U 1 U 3,300 U 10 U 10 U 1 U 10 U 1 U NA 1 U 1 U NA
m- and p-Xylene NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
n-Butylbenzene NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
n-Propylbenzene NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
o-Xylene 1 U 1 U 1 U NA NA 1 U NA NA NA 1 U NA 1 U NA 1 U 1 U NA
p-Isopropyltoluene NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
sec-Butylbenzene NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
tert-Butylbenzene NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
trans-1,2-Dichloroethene 1 U 1 U 1 U 6,300 U 10 U 1.6 3,300 U 15 16 1 U 10 U 1 U NA 1 U 1 U NA
trans-1,3-Dichloropropene 1 U 1 U 1 U 6,300 U 10 U 1 U 3,300 U 10 U 10 U 1 U 10 U 1 U NA 1 U 1 U NA
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04/09/01

IS47MW06
IS47MW410401

04/09/01
IS47MW04-0704

07/30/04
IS47MW05-0704

07/29/04
IS47MW040401

04/10/01

IS47MW05
IS47MW04-0704P

07/30/04
IS47MW050401

04/09/01

IS47MW04
IS47MW040902

09/26/02

IS47MW03
IS47MW030401

04/10/01
IS47MW030902

09/26/02
IS47MW03-0704

07/30/04

IS47MW01
IS47MW010401

04/10/01

IS47MW02
IS47MW020401

04/10/01
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Table A-1
Complete Analytical Results of Monitoring Wells

Site 47, Feasibility Study
NSF-IH, Indian Head, Maryland

Station ID
Sample ID
Sample Date
Chemical Name

IS47MW07-0704
07/29/04

IS47MW060401
04/09/01

IS47MW07
IS47MW06-0704

07/29/04
IS47MW070401

04/09/01

IS47MW06
IS47MW410401

04/09/01
IS47MW04-0704

07/30/04
IS47MW05-0704

07/29/04
IS47MW040401

04/10/01

IS47MW05
IS47MW04-0704P

07/30/04
IS47MW050401

04/09/01

IS47MW04
IS47MW040902

09/26/02

IS47MW03
IS47MW030401

04/10/01
IS47MW030902

09/26/02
IS47MW03-0704

07/30/04

IS47MW01
IS47MW010401

04/10/01

IS47MW02
IS47MW020401

04/10/01

Semi-volatile Organic Compounds (UG/L)
1,1-Biphenyl 10 U 10 U 10 U NA NA 10 U NA NA NA 10 U NA 10 U NA 10 U 10 U NA
2,4,5-Trichlorophenol 25 U 25 U 25 U NA NA 25 U NA NA NA 25 U NA 25 U NA 25 U 25 U NA
2,4,6-Trichlorophenol 10 U 10 U 10 U NA NA 10 U NA NA NA 10 U NA 10 U NA 10 U 10 U NA
2,4-Dichlorophenol 10 U 10 U 10 U NA NA 10 U NA NA NA 10 U NA 10 U NA 10 U 10 U NA
2,4-Dimethylphenol 10 U 10 U 10 U NA NA 10 U NA NA NA 10 U NA 10 U NA 10 U 10 U NA
2,4-Dinitrophenol 25 U 25 U 25 U NA NA 25 U NA NA NA 25 U NA 25 U NA 25 U 25 U NA
2-Chloronaphthalene 10 U 10 U 10 U NA NA 10 U NA NA NA 10 U NA 10 U NA 10 U 10 U NA
2-Chlorophenol 10 U 10 U 10 U NA NA 10 U NA NA NA 10 U NA 10 U NA 10 U 10 U NA
2-Methylnaphthalene 10 U 10 U 10 U NA NA 10 U NA NA NA 10 U NA 10 U NA 1.5 J 2.2 J NA
2-Methylphenol 10 U 10 U 10 U NA NA 10 U NA NA NA 10 U NA 10 U NA 10 U 10 U NA
2-Nitroaniline 25 U 25 U 25 U NA NA 25 U NA NA NA 25 U NA 25 U NA 25 U 25 U NA
2-Nitrophenol 10 U 10 U 10 U NA NA 10 U NA NA NA 10 U NA 10 U NA 10 U 10 U NA
3,3'-Dichlorobenzidine 10 U 10 U 10 U NA NA 10 U NA NA NA 10 U NA 10 U NA 10 U 10 U NA
3- and 4-Methylphenol 10 U 10 U 10 U NA NA 10 U NA NA NA 10 U NA 10 U NA 10 U 10 U NA
3-Nitroaniline 25 U 25 U 25 U NA NA 25 U NA NA NA 25 U NA 25 U NA 25 U 25 U NA
4,6-Dinitro-2-methylphenol 25 U 25 U 25 U NA NA 25 U NA NA NA 25 U NA 25 U NA 25 U 25 U NA
4-Bromophenyl-phenylether 10 U 10 U 10 U NA NA 10 U NA NA NA 10 U NA 10 U NA 10 U 10 U NA
4-Chloro-3-methylphenol 10 U 10 U 10 U NA NA 10 U NA NA NA 10 U NA 10 U NA 10 U 10 U NA
4-Chloroaniline 10 U 10 U 10 U NA NA 10 U NA NA NA 10 U NA 10 U NA 10 U 10 U NA
4-Chlorophenyl-phenylether 10 U 10 U 10 U NA NA 10 U NA NA NA 10 U NA 10 U NA 10 U 10 U NA
4-Nitroaniline 25 U 25 U 25 U NA NA 25 U NA NA NA 25 U NA 25 U NA 25 U 25 U NA
4-Nitrophenol 25 U 25 U 25 U NA NA 25 U NA NA NA 25 U NA 25 U NA 25 U 25 U NA
Acenaphthene 10 U 10 U 10 U NA NA 10 U NA NA NA 10 U NA 10 U NA 1.3 J 10 U NA
Acenaphthylene 10 U 10 U 10 U NA NA 10 U NA NA NA 10 U NA 10 U NA 10 U 10 U NA
Acetophenone 10 U 10 U 10 U NA NA 10 U NA NA NA 10 U NA 10 U NA 10 U 10 U NA
Anthracene 10 U 10 U 10 U NA NA 10 U NA NA NA 10 U NA 10 U NA 1.2 J 10 U NA
Atrazine 10 U 10 U 10 U NA NA 10 U NA NA NA 10 U NA 10 U NA 10 U 10 U NA
Benzaldehyde 10 U 10 U 10 U NA NA 1.9 J NA NA NA 10 U NA 10 U NA 10 U 10 U NA
Benzo(a)anthracene 10 U 10 U 10 U NA NA 10 U NA NA NA 10 U NA 10 U NA 10 U 10 U NA
Benzo(a)pyrene 10 U 10 U 10 U NA NA 10 U NA NA NA 10 U NA 10 U NA 10 U 10 U NA
Benzo(b)fluoranthene 10 U 10 U 10 U NA NA 10 U NA NA NA 10 U NA 10 U NA 10 U 10 U NA
Benzo(g,h,i)perylene 10 U 10 U 10 U NA NA 10 U NA NA NA 10 U NA 10 U NA 10 U 10 U NA
Benzo(k)fluoranthene 10 U 10 U 10 U NA NA 10 U NA NA NA 10 U NA 10 U NA 10 U 10 U NA
Bis(2-chloro-1-methylethyl) ether 10 U 10 U 10 U NA NA 10 U NA NA NA 10 U NA 10 U NA 10 U 10 U NA
Butylbenzylphthalate 10 U 10 U 10 U NA NA 10 U NA NA NA 10 U NA 10 U NA 10 U 10 U NA
Caprolactam 10 U 10 U 10 U NA NA 10 U NA NA NA 10 U NA 10 U NA 10 U 10 U NA
Carbazole 10 U 10 U 10 U NA NA 10 U NA NA NA 10 U NA 10 U NA 10 U 10 U NA
Chrysene 10 U 10 U 10 U NA NA 10 U NA NA NA 10 U NA 10 U NA 10 U 10 U NA
Di-n-butylphthalate 10 U 10 U 10 U NA NA 10 U NA NA NA 10 U NA 3.7 J NA 10 U 10 U NA
Di-n-octylphthalate 10 U 10 U 10 U NA NA 10 U NA NA NA 10 U NA 10 U NA 10 U 10 U NA
Dibenz(a,h)anthracene 10 U 10 U 10 U NA NA 10 U NA NA NA 10 U NA 10 U NA 10 U 10 U NA
Dibenzofuran 10 U 10 U 10 U NA NA 10 U NA NA NA 10 U NA 10 U NA 10 U 10 U NA
Diethylphthalate 10 U 10 U 10 U NA NA 10 U NA NA NA 10 U NA 10 U NA 10 U 10 U NA
Dimethyl phthalate 10 U 10 U 10 U NA NA 10 U NA NA NA 10 U NA 10 U NA 10 U 10 U NA
Fluoranthene 10 U 10 U 10 U NA NA 10 U NA NA NA 10 U NA 10 U NA 1.4 J 10 U NA
Fluorene 10 U 10 U 10 U NA NA 10 U NA NA NA 10 U NA 10 U NA 1.4 J 10 U NA
Hexachlorobenzene 10 U 10 U 10 U NA NA 10 U NA NA NA 10 U NA 10 U NA 10 U 10 U NA
Hexachlorobutadiene 10 U 10 U 10 U NA NA 10 U NA NA NA 10 U NA 10 U NA 10 U 10 U NA
Hexachlorocyclopentadiene 10 U 10 U 10 U NA NA 10 U NA NA NA 10 U NA 10 U NA 10 U 10 U NA
Hexachloroethane 10 U 10 U 10 U NA NA 10 U NA NA NA 10 U NA 10 U NA 10 U 10 U NA
Indeno(1,2,3-cd)pyrene 10 U 10 U 10 U NA NA 10 U NA NA NA 10 U NA 10 U NA 10 U 10 U NA
Isophorone 10 U 10 U 10 U NA NA 10 U NA NA NA 10 U NA 10 U NA 10 U 10 U NA
Naphthalene 10 U 10 U 10 U NA NA 10 U NA NA NA 10 U NA 2.5 J NA 2.9 J 5.5 J NA
Pentachlorophenol 25 U 25 U 25 U NA NA 25 U NA NA NA 25 U NA 25 U NA 25 U 25 U NA
Phenanthrene 10 U 10 U 10 U NA NA 10 U NA NA NA 1.1 J NA 10 U NA 4.3 J 1.9 J NA
Phenol 10 U 10 U 10 U NA NA 10 U NA NA NA 10 U NA 10 U NA 10 U 10 U NA
Pyrene 10 U 10 U 10 U NA NA 10 U NA NA NA 1.3 J NA 10 U NA 1.9 J 10 U NA
bis(2-Chloroethoxy)methane 10 U 10 U 10 U NA NA 10 U NA NA NA 10 U NA 10 U NA 10 U 10 U NA
bis(2-Chloroethyl)ether 10 U 10 U 10 U NA NA 10 U NA NA NA 10 U NA 10 U NA 10 U 10 U NA
bis(2-Ethylhexyl)phthalate 10 U 10 U 10 U NA NA 10 U NA NA NA 1.7 J NA 1.3 J NA 5.1 J 1.2 J NA
n-Nitroso-di-n-propylamine 10 U 10 U 10 U NA NA 10 U NA NA NA 10 U NA 10 U NA 10 U 10 U NA
n-Nitrosodiphenylamine 10 U 10 U 10 U NA NA 10 U NA NA NA 10 U NA 10 U NA 10 U 10 U NA

Explosives (UG/L)
1,3,5-Trinitrobenzene 0.5 U 0.7 U 1.2 U NA NA 0.7 U NA NA NA 0.5 U NA 0.4 U NA 1.2 U 0.3 U NA
1,3-Dinitrobenzene 0.5 U 0.7 U 1.2 U NA NA 0.7 U NA NA NA 0.5 U NA 0.4 U NA 1.2 U 0.3 U NA
2,4,6-Trinitrotoluene 0.5 U 0.7 U 1.2 U NA NA 0.7 U NA NA NA 0.5 U NA 0.4 U NA 1.2 U 0.3 U NA
2,4-Dinitrotoluene 0.5 U 0.7 U 1.2 U NA NA 0.7 U NA NA NA 0.5 U NA 0.4 U NA 1.2 U 0.3 U NA
2,6-Dinitrotoluene 0.5 U 0.7 U 1.2 U NA NA 0.7 U NA NA NA 0.5 U NA 0.4 U NA 1.2 U 0.3 U NA
2-Amino-4,6-dinitrotoluene 0.5 U 0.7 U 1.2 U NA NA 0.7 U NA NA NA 0.5 U NA 0.4 U NA 1.2 U 0.3 U NA
2-Nitrotoluene 0.5 U 0.7 U 1.2 U NA NA 0.7 U NA NA NA 0.5 U NA 0.4 U NA 1.2 U 0.3 U NA
3-Nitrotoluene 0.5 U 0.7 U 1.2 U NA NA 0.7 U NA NA NA 0.5 U NA 0.4 U NA 1.2 U 0.3 U NA
4-Amino-2,6-dinitrotoluene 0.5 U 0.7 U 1.2 U NA NA 0.7 U NA NA NA 0.5 U NA 0.4 U NA 1.2 U 0.3 U NA
4-Nitrotoluene 0.5 U 0.7 U 1.2 U NA NA 0.7 U NA NA NA 0.5 U NA 0.4 U NA 1.2 U 0.3 U NA
HMX 0.5 U 0.7 U 1.2 U NA NA 0.7 U NA NA NA 0.5 U NA 0.4 U NA 1.2 U 0.3 U NA
Nitrobenzene 0.5 U 0.7 U 1.2 U NA NA 0.7 U NA NA NA 0.5 U NA 0.4 U NA 1.2 U 0.3 U NA
Nitrocellulose 100 U 100 U 100 U NA NA 100 U NA NA NA 100 U NA 100 U NA 100 U 100 U NA
Nitroglycerin 50 U 70 U 120 U NA NA 70 U NA NA NA 50 U NA 40 U NA 120 U 30 U NA
Nitroguanidine 100 U 140 U 240 U NA NA 140 U NA NA NA 100 U NA 80 U NA 240 U 60 U NA
PETN 50 U 70 U 120 U NA NA 70 U NA NA NA 50 U NA 40 U NA 120 U 30 U NA
Perchlorate 10 U 10 U 10 U NA NA 10 U NA NA NA 5 U NA 5 U NA 5 U 5 U NA
RDX 0.5 U 0.7 U 1.2 U NA NA 0.7 U NA NA NA 0.5 U NA 0.4 U NA 1.2 U 0.3 U NA
Tetryl 0.5 U 0.7 U 1.2 U NA NA 0.7 U NA NA NA 0.5 U NA 0.4 U NA 1.2 U 0.3 U NA
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Table A-1
Complete Analytical Results of Monitoring Wells

Site 47, Feasibility Study
NSF-IH, Indian Head, Maryland

Station ID
Sample ID
Sample Date
Chemical Name

IS47MW07-0704
07/29/04

IS47MW060401
04/09/01

IS47MW07
IS47MW06-0704

07/29/04
IS47MW070401

04/09/01

IS47MW06
IS47MW410401

04/09/01
IS47MW04-0704

07/30/04
IS47MW05-0704

07/29/04
IS47MW040401

04/10/01

IS47MW05
IS47MW04-0704P

07/30/04
IS47MW050401

04/09/01

IS47MW04
IS47MW040902

09/26/02

IS47MW03
IS47MW030401

04/10/01
IS47MW030902

09/26/02
IS47MW03-0704

07/30/04

IS47MW01
IS47MW010401

04/10/01

IS47MW02
IS47MW020401

04/10/01

Total Metals (UG/L)
Aluminum 94.5 B 1,890 288 NA 363 559 NA 10,100 10,200 77.6 J 1,380 6,740 NA 1,040 1,260 NA
Antimony 3.1 U 3.1 U 3.1 U NA 2 U 3.1 U NA 2 U 2 U 3.1 U 2 U 3.1 U NA 3.1 U 3.1 U NA
Arsenic 32.9 4.5 J 2.5 U NA 2 U 47.9 NA 142 147 2.5 U 2.4 J 2.5 U NA 2.5 U 3.1 J NA
Barium 239 J 109 J 3.5 J NA 9.8 B 102 J NA 218 222 46.6 J 96.6 J 346 J NA 96 J 88 J NA
Beryllium 0.34 B 0.35 B 0.1 U NA 0.2 U 1.2 B NA 10.4 10.6 0.68 J 0.36 J 1.2 B NA 0.57 J 1 J NA
Cadmium 0.4 U 0.64 J 1.6 J NA 0.75 J 0.48 J NA 3.3 J 3.8 J 0.6 J 0.41 J 1.6 J NA 1 J 1.2 J NA
Calcium 6,490 20,500 6,220 NA 8,270 2,990 J NA 3,130 J 3,180 J 5,200 5,650 12,500 NA 10,700 9,390 NA
Chromium 0.8 U 5.1 J 0.8 U NA 1.5 B 0.8 U NA 13.4 B 14.1 B 0.8 U 5.4 B 13.5 NA 1.5 J 3.7 J NA
Cobalt 15.3 J 15.7 J 2.3 J NA 6.2 J 50.4 NA 203 206 3.4 J 6.6 J 50.5 NA 25.7 J 23.2 J NA
Copper 1.4 J 7.2 J 1.9 J NA 4.6 B 0.8 U NA 7 B 7.2 B 0.8 U 2.3 B 14.5 J NA 3.8 J 2.9 J NA
Cyanide 10 U 10 U 10 U NA 3 U 10 U NA NA NA 10 U NA 211 3 U 23,200 137 3 U
Iron 12,300 4,280 548 NA 1,060 B 16,700 NA 61,100 60,900 12,400 17,700 4,940 NA 1,380 1,690 NA
Lead 2.5 U 6.5 2.5 U NA 2 U 2.5 U NA 22.1 38.2 2.5 U 2.6 J 8.1 NA 2.5 U 2.5 U NA
Magnesium 8,000 7,630 1,180 J NA 2,120 J 2,530 J NA 10,200 10,400 2,600 J 3,310 J 4,950 J NA 1,990 J 1,770 J NA
Manganese 252 206 25.3 NA 50.8 168 NA 452 450 315 359 125 NA 129 112 NA
Mercury 0.2 R 0.29 L 0.2 L NA 0.14 U 0.2 R NA 0.15 U 0.14 U 0.2 R 0.13 U 0.2 R NA 0.2 R 0.2 R NA
Nickel 2.1 J 10.7 J 5.1 J NA 8.6 J 33.9 J NA 157 159 1.7 U 0.62 B 36 J NA 12.9 J 12.7 J NA
Potassium 4,900 J 3,420 J 1,050 J NA 2,140 J 1,470 J NA 2,250 J 2,310 J 1,170 J 1,990 J 3,550 J NA 1,290 J 1,230 J NA
Selenium 3.2 U 3.2 U 3.2 U NA 4 U 3.2 U NA 4 U 4 U 3.2 U 4 U 3.2 U NA 3.2 U 3.2 U NA
Silver 1.3 U 1.3 U 1.3 U NA 2 U 1.3 U NA 2 U 2 U 1.3 U 2 U 1.3 U NA 1.3 U 1.3 U NA
Sodium 55,800 J 21,700 J 3,270 J NA 19,000 32,200 NA 34,100 34,300 15,300 29,300 102,000 J NA 42,700 J 39,800 J NA
Thallium 3.9 U 5.6 J 3.9 U NA 3 U 6.5 J NA 4.9 J 3.9 J 6 J 3 U 3.9 U NA 3.9 U 3.9 U NA
Vanadium 34.9 U 34.9 U 34.9 U NA 3.1 J 34.9 U NA 236 239 34.9 U 7.6 J 34.9 U NA 34.9 U 34.9 U NA
Zinc 85.9 J 49.3 J 70.7 J NA 79.2 120 J NA 450 458 36.7 J 7.3 B 94.8 NA 60.6 J 58.3 J NA

Dissolved Metals (UG/L)
Aluminum 124 B 5,190 317 NA 17.6 B 915 NA 9,870 10,100 49.1 J 374 3,850 NA 146 J 430 NA
Antimony 5.8 J 4.9 U 4.9 U NA 3 U 4.9 U NA 3 U 3 U 4.9 U 3 U 10 J NA 4.9 U 5.3 J NA
Arsenic 28.5 12.1 3.7 U NA 3 U 53.7 NA 139 138 3.7 U 3 U 3.7 U NA 3.7 U 3.7 U NA
Barium 218 185 J 4.8 J NA 8.4 B 105 J NA 225 220 51.6 J 88 J 266 NA 80 J 80.9 J NA
Beryllium 0.28 B 1.2 B 0.1 U NA 0.3 U 1.4 B NA 10.7 10.5 0.1 B 0.3 U 0.98 J NA 0.34 J 0.4 J NA
Cadmium 0.4 U 0.4 U 0.4 U NA 0.8 J 0.4 U NA 3.2 J 3.1 J 0.4 U 0.25 J 1.3 J NA 1.6 J 0.98 J NA
Calcium 6,470 23,100 6,790 NA 8,250 B 3,050 J NA 3,250 J 3,160 J 6,290 5,570 B 10,800 NA 10,300 11,200 NA
Chromium 0.9 J 22.5 1.1 J NA 0.4 U 1.2 J NA 12.4 12.7 0.7 U 2.6 J 13.7 NA 0.7 U 4.4 J NA
Cobalt 16.2 J 28.4 J 3.6 J NA 5.8 J 61.5 NA 207 206 6.1 J 5.5 J 45.7 J NA 25.6 J 27.4 J NA
Copper 3.4 J 31.8 0.7 U NA 3.2 B 0.97 J NA 1.5 B 0.9 U 0.7 U 3.1 B 16.8 J NA 0.84 J 79.9 NA
Iron 8,490 9,680 516 NA 226 19,400 NA 61,400 62,300 13,000 15,300 4,110 NA 205 661 NA
Lead 2 U 34.6 2 U NA 2 U 2 U NA 6.2 7.4 2 U 2 U 7.9 NA 2 U 2 U NA
Magnesium 8,050 8,560 1,320 J NA 2,070 J 2,930 J NA 10,400 10,300 3,220 J 3,160 J 4,190 J NA 1,840 J 2,020 J NA
Manganese 258 245 24.6 NA 46.9 192 NA 456 461 412 369 117 NA 123 133 NA
Mercury 0.2 R 0.2 R 0.2 R NA 0.13 U 0.2 R NA 0.14 U 0.14 U 0.2 R 0.14 U 0.2 R NA 0.2 R 0.2 R NA
Nickel 2.2 J 19.8 J 5.2 J NA 7.9 J 42.6 NA 161 160 2 U 0.5 U 34.6 J NA 10.8 J 75.5 NA
Potassium 5,270 4,240 J 1,390 J NA 2,160 J 1,860 J NA 2,270 J 2,260 J 1,520 J 1,800 J 2,590 J NA 1,230 J 1,430 J NA
Selenium 2.2 U 2.2 U 2.2 U NA 4 U 2.2 U NA 4 U 4 U 2.2 U 4 U 2.2 U NA 2.2 U 2.2 U NA
Silver 0.6 UL 0.6 UL 0.6 UL NA 2 U 0.6 UL NA 2 U 2 U 0.6 UL 2 U 0.6 UL NA 0.6 UL 0.6 UL NA
Sodium 54,500 23,100 4,110 J NA 18,500 37,300 NA 34,200 34,100 18,500 28,500 78,600 NA 41,400 45,300 NA
Thallium 2.3 U 2.3 U 3 J NA 3 U 3.5 J NA 3.7 J 3.8 J 2.3 U 3 U 2.3 U NA 2.3 U 2.3 U NA
Vanadium 1 U 63.8 2.2 J NA 0.7 U 13.7 J NA 239 238 1.9 J 3.3 J 25.2 J NA 1.1 J 1.3 J NA
Zinc 86.8 79.3 48.2 NA 78.9 117 NA 460 451 23.4 8.2 B 134 NA 43.1 63.7 NA

Wet Chemistry (MG/L)
Alkalinity NA NA NA NA 20 U NA NA See  Note 1 See  Note 1 NA 20 U NA NA NA NA NA
Chloride 44 23 0.2 U NA 27 86 NA 160 200 0.2 U 42 42 NA 44 86 NA
Ethane NA NA NA NA 0.013 U NA NA 0.12 0.12 NA 0.5 NA NA NA NA NA
Ethene NA NA NA NA 0.033 U NA NA 0.033 U 0.033 U NA 0.033 U NA NA NA NA NA
Ferrous iron 1 U 1 U 1 U NA NA 1 U NA NA NA 1 U NA 1 U NA 1 U 1 U NA
Methane NA NA NA NA 0.025 U NA NA 0.025 U 0.025 U NA 0.025 U NA NA NA NA NA
Nitrate 8.9 0.2 U 0.2 U NA 1.8 8.9 NA 0.025 U 0.026 3.5 0.025 U 8.5 NA 8.1 9.2 NA
Nitrate/Nitrite NA NA NA NA 1.8 NA NA 0.025 U 0.026 NA 0.13 NA NA NA NA NA
Nitrite 0.2 U 0.2 U 0.2 U NA 0.025 U 0.2 U NA 0.025 U 0.025 U 0.2 U 0.13 0.2 U NA 0.2 U 0.2 U NA
Sulfate 0.2 U 0.2 U 1.9 NA 13 0.2 U NA 8.7 B 7.3 B 9.6 9.6 0.2 U NA 13 0.2 U NA
Sulfide NA NA NA NA 0.13 NA NA 0.37 0.03 U NA 0.03 U NA NA NA NA NA
Total dissolved solids (TDS) NA NA NA NA 76 NA NA 320 400 NA 160 NA NA NA NA NA
Total organic carbon (TOC) 1.9 2.5 1.2 NA 10 U 2.4 NA 10 U 10 U 4.4 10 U 8.2 NA 2.7 4.2 NA

Note 1:  Sample was in an acidic condition (pH= 3.77).  Therefore the lab was unable to perform an alkalinity test using the titration method. 

Shading indicates detection.
NA: Not Analyted J: Analyte was detected, but the reported result may be inaccurate or imprecise
U: Not detected greater than the reported detection limit L: Analyte was detected, but the reported value may be biased low.
R: Rejected (unreliable result) UJ: Not detected.  The reported detection limit is estimated.
B: Not detected significantly greater than that in an associated blank. UL: Not detected.  The detection limit may be higher than reported.
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Table A-1
Complete Analytical Results of Monitoring Wells

Site 47, Feasibility Study
NSF-IH, Indian Head, Maryland

Station ID
Sample ID
Sample Date
Chemical Name

Volatile Organic Compounds (UG/L)
1,1,1-Trichloroethane
1,1,2,2-Tetrachloroethane
1,1,2-Trichloro-1,2,2-trifluoroethane(Freon-113)
1,1,2-Trichloroethane
1,1-Dichloroethane
1,1-Dichloroethene
1,2,3-Trichlorobenzene
1,2,4-Trichlorobenzene
1,2,4-Trimethylbenzene
1,2-Dibromo-3-chloropropane
1,2-Dibromoethane
1,2-Dichlorobenzene
1,2-Dichloroethane
1,2-Dichloropropane
1,3,5-Trimethylbenzene
1,3-Dichlorobenzene
1,3-Dichloropropane
1,4-Dichlorobenzene
2-Butanone
2-Hexanone
4-Methyl-2-pentanone
Acetone
Benzene
Bromochloromethane
Bromodichloromethane
Bromoform
Bromomethane
Carbon disulfide
Carbon tetrachloride
Chlorobenzene
Chloroethane
Chloroform
Chloromethane
Cumene
Cyclohexane
Dibromochloromethane
Dichlorodifluoromethane(Freon-12)
Ethylbenzene
Hexachlorobutadiene
Methyl acetate
Methyl-tert-butyl ether (MTBE)
Methylcyclohexane
Methylene chloride
Styrene
Tetrachloroethene
Toluene
Trichloroethene
Trichlorofluoromethane(Freon-11)
Vinyl chloride
Xylene, total
cis-1,2-Dichloroethene
cis-1,3-Dichloropropene
m- and p-Xylene
n-Butylbenzene
n-Propylbenzene
o-Xylene
p-Isopropyltoluene
sec-Butylbenzene
tert-Butylbenzene
trans-1,2-Dichloroethene
trans-1,3-Dichloropropene

1 U NA 1 U NA 1 U 10 U 2 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 10 U 10 U 10 U
1 U NA 1 U NA 1 U 10 U NA 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 10 U 10 U 10 U

NA NA NA NA NA 10 U NA 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 10 U 10 U 10 U
1 U NA 1 U NA 1 U 10 U 2 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 10 U 10 U 10 U
1 U NA 1 U NA 1 U 10 U 2 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 10 U 10 U 10 U
1 U NA 1 U NA 0.9 J 10 U 2 U 0.5 U 0.5 U 0.5 U 0.5 U 0.1 J 0.5 U 10 U 10 U 10 U

NA NA NA NA NA NA 3 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U NA NA NA
1 U NA 1 U NA 1 U 10 UJ 3 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 10 UJ 10 UJ 10 UJ

NA NA NA NA NA NA 2 U NA NA NA NA NA NA NA NA NA
1 U NA 1 R NA 1 R 10 U NA 0.5 R 0.5 R 0.5 R 0.5 R 0.5 U 0.5 R 10 U 10 U 10 U
1 U NA 1 U NA 1 U 10 U 2 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 10 U 10 U 10 U
1 U NA 1 U NA 1 U 10 U 2 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 10 U 10 U 10 U
1 U NA 1 U NA 23 10 U 3 U 0.5 U 0.5 U 3.5 3.6 0.5 U 0.5 U 1 J 10 U 10 U
1 U NA 1 U NA 1 U 10 U 2 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 10 U 10 U 10 U

NA NA NA NA NA NA 2 U NA NA NA NA NA NA NA NA NA
1 U NA 1 U NA 1 U 10 U 2 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 10 U 10 U 10 U

NA NA NA NA NA NA 3 U NA NA NA NA NA NA NA NA NA
1 U NA 1 U NA 1 U 10 U 2 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 10 U 10 U 10 U
5 U NA 5 R NA 5 R 10 U NA 5 R 1.8 J 2.1 J 1.9 J 5 R 5 R 10 U 10 U 10 U
5 U NA 5 U NA 5 U 10 U NA 5 U 0.82 J 5 U 5 U 5 U 5 U 10 U 10 U 10 U
5 U NA 5 U NA 5 U 10 U NA 5 U 1.1 B 5 U 5 U 5 U 5 U 10 U 10 U 10 U
5 U NA 5 R NA 5 R 10 U NA 2.3 J 12 J 2.3 J 2.7 J 3.5 J 2.4 J 10 U 10 U 10 U
1 U NA 1 U NA 1 U 10 U 2 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 10 U 10 U 10 U
1 U NA 1 U NA 1 U NA NA 0.5 U 0.18 J 0.5 U 0.5 U 0.5 U 0.5 U NA NA NA
1 U NA 1 U NA 1 U 10 U 2 U 0.5 U 0.7 0.5 U 0.5 U 0.5 U 0.5 U 10 U 10 U 10 U
1 U NA 1 U NA 1 U 10 U 1 B 0.27 B 0.5 U 0.5 U 0.24 B 0.19 B 0.2 B 10 U 10 U 10 U
1 U NA 1 U NA 1 U 10 U 2 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 10 U 10 U 10 U
1 U NA 1 U NA 1 U 10 U NA 0.5 U 0.11 J 0.5 U 0.5 U 0.5 U 0.5 U 10 U 10 U 10 U
1 U NA 1 U NA 1 U 2 J 2 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 10 U 10 U 10 U
1 U NA 1 U NA 1 U 10 U 2 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 10 U 10 U 10 U
1 U NA 1 U NA 1 U 10 U 2 U 0.5 U 0.5 U 0.36 J 0.38 J 0.5 U 0.5 U 10 U 10 U 10 U
1 U NA 1 U NA 5.5 J 1 J 2 U 0.5 U 8.1 0.24 B 0.24 B 0.43 J 0.5 U 10 U 10 U 10 U
1 U NA 1 U NA 1 U 10 U 2 U 0.2 B 0.17 B 0.13 B 0.15 B 0.21 B 0.11 B 10 U 10 U 10 U

NA NA NA NA NA 10 U 2 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 10 U 10 U 10 U
NA NA NA NA NA 10 U NA 0.5 U 0.5 U 0.5 U 0.5 U 0.1 J 0.5 U 10 U 10 U 10 U

1 U NA 1 U NA 1 U 10 U 2 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 10 U 10 U 10 U
NA NA NA NA NA 10 U 2 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 10 U 10 U 10 U

1 U NA 1 U NA 1 U 10 U 2 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 10 U 10 U 10 U
NA NA NA NA NA NA 2 U NA NA NA NA NA NA NA NA NA
NA NA NA NA NA 10 U NA 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 10 U 10 U 10 U
NA NA NA NA NA 10 U NA 0.5 U 0.11 B 0.5 U 0.5 U 0.5 U 2.1 10 U 10 U 10 U
NA NA NA NA NA 10 U NA 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 10 U 10 U 10 U

2 U NA 2 U NA 2 U 10 U 2 U 0.58 B 0.97 B 0.74 B 0.67 B 0.65 B 0.71 B 10 U 10 U 10 U
1 U NA 1 U NA 1 U 10 U 2 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 10 U 10 U 10 U
1 U NA 1 U NA 160 8 J 2 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 10 U 10 U 10 U
1 U NA 1 U NA 1 U 10 U 2 U 0.19 B 0.53 B 4.5 B 4.2 B 0.21 B 0.26 B 10 U 10 U 10 U
1 U NA 1.1 NA 150 23 2 U 0.5 U 0.26 J 0.5 U 0.5 U 1.2 0.5 U 10 U 10 U 10 U

NA NA NA NA NA 10 U 2 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 10 U 10 U 10 U
1 U NA 1 U NA 1 U 10 U 2 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 10 U 10 U 10 U
1 U NA 1 J NA 1 U 10 U NA 0.5 U 0.21 B 0.5 U 0.5 U 0.5 U 0.5 U 10 U 10 U 10 U
1 U NA 1 U NA 5.3 1 J 2 U 0.5 U 0.5 U 0.5 U 0.5 U 0.16 J 0.5 U 10 U 10 U 10 U
1 U NA 1 U NA 1 U 10 U 2 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 10 U 10 U 10 U

NA NA NA NA NA NA 4 U NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA 2 U NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA 2 U NA NA NA NA NA NA NA NA NA

1 U NA 1 U NA 1 U NA 2 U NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA 2 U NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA 2 U NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA 2 U NA NA NA NA NA NA NA NA NA

1 U NA 1 U NA 0.7 J 10 U 2 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 10 U 10 U 10 U
1 U NA 1 U NA 1 U 10 U 2 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 10 U 10 U 10 U

IS47MW17
IS47MW17-0704

07/28/04

IS47MW18
IS47MW18-0704

07/28/04

IS47MW15
IS47MW150902

09/26/02

IS47MW16
IS47MW16-0704

07/29/04

IS47MW14
IS47MW140902

09/25/02

IS47MW13
IS47MW130902

09/26/02
IS47MW130902P

09/26/02
IS47MW110902

09/26/02

IS47MW12
IS47MW120902

09/25/02
IS47MW09-0704

07/29/04

IS47MW11
IS47MW100401

04/09/01
IS47MW10-0704

07/30/04

IS47MW10
IS47MW110602

06/28/02

IS47MW09
IS47MW080401

04/10/01
IS47MW08-0704

07/29/04

IS47MW08
IS47MW090401

04/09/01
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Table A-1
Complete Analytical Results of Monitoring Wells

Site 47, Feasibility Study
NSF-IH, Indian Head, Maryland

Station ID
Sample ID
Sample Date
Chemical Name
Semi-volatile Organic Compounds (UG/L)
1,1-Biphenyl
2,4,5-Trichlorophenol
2,4,6-Trichlorophenol
2,4-Dichlorophenol
2,4-Dimethylphenol
2,4-Dinitrophenol
2-Chloronaphthalene
2-Chlorophenol
2-Methylnaphthalene
2-Methylphenol
2-Nitroaniline
2-Nitrophenol
3,3'-Dichlorobenzidine
3- and 4-Methylphenol
3-Nitroaniline
4,6-Dinitro-2-methylphenol
4-Bromophenyl-phenylether
4-Chloro-3-methylphenol
4-Chloroaniline
4-Chlorophenyl-phenylether
4-Nitroaniline
4-Nitrophenol
Acenaphthene
Acenaphthylene
Acetophenone
Anthracene
Atrazine
Benzaldehyde
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(g,h,i)perylene
Benzo(k)fluoranthene
Bis(2-chloro-1-methylethyl) ether
Butylbenzylphthalate
Caprolactam
Carbazole
Chrysene
Di-n-butylphthalate
Di-n-octylphthalate
Dibenz(a,h)anthracene
Dibenzofuran
Diethylphthalate
Dimethyl phthalate
Fluoranthene
Fluorene
Hexachlorobenzene
Hexachlorobutadiene
Hexachlorocyclopentadiene
Hexachloroethane
Indeno(1,2,3-cd)pyrene
Isophorone
Naphthalene
Pentachlorophenol
Phenanthrene
Phenol
Pyrene
bis(2-Chloroethoxy)methane
bis(2-Chloroethyl)ether
bis(2-Ethylhexyl)phthalate
n-Nitroso-di-n-propylamine
n-Nitrosodiphenylamine

Explosives (UG/L)
1,3,5-Trinitrobenzene
1,3-Dinitrobenzene
2,4,6-Trinitrotoluene
2,4-Dinitrotoluene
2,6-Dinitrotoluene
2-Amino-4,6-dinitrotoluene
2-Nitrotoluene
3-Nitrotoluene
4-Amino-2,6-dinitrotoluene
4-Nitrotoluene
HMX
Nitrobenzene
Nitrocellulose
Nitroglycerin
Nitroguanidine
PETN
Perchlorate
RDX
Tetryl

IS47MW17
IS47MW17-0704

07/28/04

IS47MW18
IS47MW18-0704

07/28/04

IS47MW15
IS47MW150902

09/26/02

IS47MW16
IS47MW16-0704

07/29/04

IS47MW14
IS47MW140902

09/25/02

IS47MW13
IS47MW130902

09/26/02
IS47MW130902P

09/26/02
IS47MW110902

09/26/02

IS47MW12
IS47MW120902

09/25/02
IS47MW09-0704

07/29/04

IS47MW11
IS47MW100401

04/09/01
IS47MW10-0704

07/30/04

IS47MW10
IS47MW110602

06/28/02

IS47MW09
IS47MW080401

04/10/01
IS47MW08-0704

07/29/04

IS47MW08
IS47MW090401

04/09/01

10 U NA 10 U NA 10 U NA NA NA NA NA NA NA NA NA NA NA
25 U NA 25 U NA 25 U NA NA NA NA NA NA NA NA NA NA NA
10 U NA 10 U NA 10 U NA NA NA NA NA NA NA NA NA NA NA
10 U NA 10 U NA 10 U NA NA NA NA NA NA NA NA NA NA NA
10 U NA 10 U NA 10 U NA NA NA NA NA NA NA NA NA NA NA
25 U NA 25 U NA 25 U NA NA NA NA NA NA NA NA NA NA NA
10 U NA 10 U NA 10 U NA NA NA NA NA NA NA NA NA NA NA
10 U NA 10 U NA 10 U NA NA NA NA NA NA NA NA NA NA NA
10 U NA 10 U NA 10 U NA NA NA NA NA NA NA NA NA NA NA
10 U NA 10 U NA 10 U NA NA NA NA NA NA NA NA NA NA NA
25 U NA 25 U NA 25 U NA NA NA NA NA NA NA NA NA NA NA
10 U NA 10 U NA 10 U NA NA NA NA NA NA NA NA NA NA NA
10 U NA 10 U NA 10 U NA NA NA NA NA NA NA NA NA NA NA
10 U NA 10 U NA 10 U NA NA NA NA NA NA NA NA NA NA NA
25 U NA 25 U NA 25 U NA NA NA NA NA NA NA NA NA NA NA
25 U NA 25 U NA 25 U NA NA NA NA NA NA NA NA NA NA NA
10 U NA 10 U NA 10 U NA NA NA NA NA NA NA NA NA NA NA
10 U NA 10 U NA 10 U NA NA NA NA NA NA NA NA NA NA NA
10 U NA 10 U NA 10 U NA NA NA NA NA NA NA NA NA NA NA
10 U NA 10 U NA 10 U NA NA NA NA NA NA NA NA NA NA NA
25 U NA 25 U NA 25 U NA NA NA NA NA NA NA NA NA NA NA
25 U NA 25 U NA 25 U NA NA NA NA NA NA NA NA NA NA NA
10 U NA 10 U NA 10 U NA NA NA NA NA NA NA NA NA NA NA
10 U NA 10 U NA 10 U NA NA NA NA NA NA NA NA NA NA NA
10 U NA 10 U NA 10 U NA NA NA NA NA NA NA NA NA NA NA
10 U NA 10 U NA 10 U NA NA NA NA NA NA NA NA NA NA NA
10 U NA 10 U NA 10 U NA NA NA NA NA NA NA NA NA NA NA
10 U NA 10 U NA 10 U NA NA NA NA NA NA NA NA NA NA NA
10 U NA 10 U NA 10 U NA NA NA NA NA NA NA NA NA NA NA
10 U NA 10 U NA 10 U NA NA NA NA NA NA NA NA NA NA NA
10 U NA 10 U NA 10 U NA NA NA NA NA NA NA NA NA NA NA
10 U NA 10 U NA 10 U NA NA NA NA NA NA NA NA NA NA NA
10 U NA 10 U NA 10 U NA NA NA NA NA NA NA NA NA NA NA
10 U NA 10 U NA 10 U NA NA NA NA NA NA NA NA NA NA NA
10 U NA 10 U NA 10 U NA NA NA NA NA NA NA NA NA NA NA
10 U NA 10 U NA 10 U NA NA NA NA NA NA NA NA NA NA NA
10 U NA 10 U NA 10 U NA NA NA NA NA NA NA NA NA NA NA
10 U NA 10 U NA 10 U NA NA NA NA NA NA NA NA NA NA NA
10 U NA 10 U NA 10 U NA NA NA NA NA NA NA NA NA NA NA
10 U NA 10 U NA 10 U NA NA NA NA NA NA NA NA NA NA NA
10 U NA 10 U NA 10 U NA NA NA NA NA NA NA NA NA NA NA
10 U NA 10 U NA 10 U NA NA NA NA NA NA NA NA NA NA NA
10 U NA 10 U NA 10 U NA NA NA NA NA NA NA NA NA NA NA
10 U NA 10 U NA 10 U NA NA NA NA NA NA NA NA NA NA NA
10 U NA 10 U NA 10 U NA NA NA NA NA NA NA NA NA NA NA
10 U NA 10 U NA 10 U NA NA NA NA NA NA NA NA NA NA NA
10 U NA 10 U NA 10 U NA NA NA NA NA NA NA NA NA NA NA
10 U NA 10 U NA 10 U NA NA NA NA NA NA NA NA NA NA NA
10 U NA 10 U NA 10 U NA NA NA NA NA NA NA NA NA NA NA
10 U NA 10 U NA 10 U NA NA NA NA NA NA NA NA NA NA NA
10 U NA 10 U NA 10 U NA NA NA NA NA NA NA NA NA NA NA
10 U NA 10 U NA 10 U NA NA NA NA NA NA NA NA NA NA NA
10 U NA 10 U NA 10 U NA 3 U NA NA NA NA NA NA NA NA NA
25 U NA 25 U NA 25 U NA NA NA NA NA NA NA NA NA NA NA
10 U NA 10 U NA 10 U NA NA NA NA NA NA NA NA NA NA NA
10 U NA 10 U NA 10 U NA NA NA NA NA NA NA NA NA NA NA
10 U NA 10 U NA 10 U NA NA NA NA NA NA NA NA NA NA NA
10 U NA 10 U NA 10 U NA NA NA NA NA NA NA NA NA NA NA
10 U NA 10 U NA 10 U NA NA NA NA NA NA NA NA NA NA NA
10 U NA 10 U NA 10 U NA NA NA NA NA NA NA NA NA NA NA
10 U NA 10 U NA 10 U NA NA NA NA NA NA NA NA NA NA NA
10 U NA 10 U NA 10 U NA NA NA NA NA NA NA NA NA NA NA

0.4 U NA 0.4 U NA 0.5 U NA NA NA NA NA NA NA NA NA NA NA
0.4 U NA 0.4 U NA 0.5 U NA NA NA NA NA NA NA NA NA NA NA
0.4 U NA 0.4 U NA 0.5 U NA NA NA NA NA NA NA NA NA NA NA
0.4 U NA 0.4 U NA 0.5 U NA NA NA NA NA NA NA NA NA NA NA
0.4 U NA 0.4 U NA 0.5 U NA NA NA NA NA NA NA NA NA NA NA
0.4 U NA 0.4 U NA 0.5 U NA NA NA NA NA NA NA NA NA NA NA
0.4 U NA 0.4 U NA 0.5 U NA NA NA NA NA NA NA NA NA NA NA
0.4 U NA 0.4 U NA 0.5 U NA NA NA NA NA NA NA NA NA NA NA
0.4 U NA 0.4 U NA 0.5 U NA NA NA NA NA NA NA NA NA NA NA
0.4 U NA 0.4 U NA 0.5 U NA NA NA NA NA NA NA NA NA NA NA
0.4 U NA 0.4 U NA 0.5 U NA NA NA NA NA NA NA NA NA NA NA
0.4 U NA 0.4 U NA 0.5 U NA NA NA NA NA NA NA NA NA NA NA

100 U NA 100 U NA 100 U NA NA NA NA NA NA NA NA NA NA NA
40 U NA 40 U NA 50 U NA NA NA NA NA NA NA NA NA NA NA
80 U NA 80 U NA 100 U NA NA NA NA NA NA NA NA NA NA NA
40 U NA 40 U NA 50 U NA NA NA NA NA NA NA NA NA NA NA
10 U NA 5 U NA 5 U NA NA NA NA NA NA NA NA NA NA NA
0.4 U NA 0.4 U NA 0.5 U NA NA NA NA NA NA NA NA NA NA NA
0.4 U NA 0.4 U NA 0.5 U NA NA NA NA NA NA NA NA NA NA NA
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Table A-1
Complete Analytical Results of Monitoring Wells

Site 47, Feasibility Study
NSF-IH, Indian Head, Maryland

Station ID
Sample ID
Sample Date
Chemical Name
Total Metals (UG/L)
Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Calcium
Chromium
Cobalt
Copper
Cyanide
Iron
Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Selenium
Silver
Sodium
Thallium
Vanadium
Zinc

Dissolved Metals (UG/L)
Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Calcium
Chromium
Cobalt
Copper
Iron
Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Selenium
Silver
Sodium
Thallium
Vanadium
Zinc

Wet Chemistry (MG/L)
Alkalinity
Chloride
Ethane
Ethene
Ferrous iron
Methane
Nitrate
Nitrate/Nitrite
Nitrite
Sulfate
Sulfide
Total dissolved solids (TDS)
Total organic carbon (TOC)

IS47MW17
IS47MW17-0704

07/28/04

IS47MW18
IS47MW18-0704

07/28/04

IS47MW15
IS47MW150902

09/26/02

IS47MW16
IS47MW16-0704

07/29/04

IS47MW14
IS47MW140902

09/25/02

IS47MW13
IS47MW130902

09/26/02
IS47MW130902P

09/26/02
IS47MW110902

09/26/02

IS47MW12
IS47MW120902

09/25/02
IS47MW09-0704

07/29/04

IS47MW11
IS47MW100401

04/09/01
IS47MW10-0704

07/30/04

IS47MW10
IS47MW110602

06/28/02

IS47MW09
IS47MW080401

04/10/01
IS47MW08-0704

07/29/04

IS47MW08
IS47MW090401

04/09/01

2,680 3,160 399 NA 271 NA NA NA NA NA NA NA NA NA NA NA
3.1 U 2 U 3.1 U NA 3.1 U NA NA NA NA NA NA NA NA NA NA NA

3 J 2.4 J 2.5 U NA 2.5 U NA NA NA NA NA NA NA NA NA NA NA
16.7 J 30.1 J 69 J NA 46.5 J NA NA NA NA NA NA NA NA NA NA NA
0.25 J 0.22 J 0.92 J NA 0.72 J NA NA NA NA NA NA NA NA NA NA NA

0.4 U 0.2 U 0.52 J NA 0.4 U NA NA NA NA NA NA NA NA NA NA NA
6,740 5,300 3,640 J NA 2,570 J NA NA NA NA NA NA NA NA NA NA NA

7 J 12.4 B 0.8 U NA 0.8 U NA NA NA NA NA NA NA NA NA NA NA
3 J 9 J 40.9 J NA 8.9 J NA NA NA NA NA NA NA NA NA NA NA

5.1 J 9.9 B 0.8 U NA 0.8 U NA NA NA NA NA NA NA NA NA NA NA
438 NA 1,757 3 U 177 NA NA NA NA NA NA NA NA NA NA NA

2,880 2,920 1,230 NA 5,980 NA NA NA NA NA NA NA NA NA NA NA
2.5 U 2.8 J 2.5 U NA 2.5 U NA NA NA NA NA NA NA NA NA NA NA

2,280 J 2,690 J 1,750 J NA 2,210 J NA NA NA NA NA NA NA NA NA NA NA
25 15.6 B 316 NA 337 NA NA NA NA NA NA NA NA NA NA NA
0.2 R 0.13 U 0.2 R NA 0.2 R NA NA NA NA NA NA NA NA NA NA NA
3.3 J 8.5 B 18.9 J NA 3.1 J NA NA NA NA NA NA NA NA NA NA NA

1,320 J 1,680 J 836 J NA 1,590 J NA NA NA NA NA NA NA NA NA NA NA
3.2 U 4 U 3.2 U NA 3.2 U NA NA NA NA NA NA NA NA NA NA NA
1.3 U 2 U 1.3 U NA 1.3 U NA NA NA NA NA NA NA NA NA NA NA

22,100 J 13,400 20,500 NA 50,500 J NA NA NA NA NA NA NA NA NA NA NA
3.9 U 3 U 3.9 U NA 3.9 U NA NA NA NA NA NA NA NA NA NA NA

34.9 U 11.8 J 34.9 U NA 34.9 U NA NA NA NA NA NA NA NA NA NA NA
30.6 J 33.3 B 87.7 NA 92.1 J NA NA NA NA NA NA NA NA NA NA NA

3,890 32 B 663 NA 218 NA NA NA NA NA NA NA NA NA NA NA
6 J 3 U 4.9 U NA 4.9 U NA NA NA NA NA NA NA NA NA NA NA

7.2 J 3 U 3.7 U NA 3.7 U NA NA NA NA NA NA NA NA NA NA NA
20.9 J 16.9 B 72.1 J NA 40.9 J NA NA NA NA NA NA NA NA NA NA NA

0.2 J 0.3 U 0.4 J NA 0.16 J NA NA NA NA NA NA NA NA NA NA NA
0.4 U 0.2 U 0.4 U NA 0.4 U NA NA NA NA NA NA NA NA NA NA NA

7,700 5,080 4,100 J NA 2,790 J NA NA NA NA NA NA NA NA NA NA NA
11 1.4 J 1.1 J NA 0.7 U NA NA NA NA NA NA NA NA NA NA NA
5.1 J 5.9 J 48.9 J NA 14.4 J NA NA NA NA NA NA NA NA NA NA NA
6.8 J 4.9 B 0.7 U NA 0.7 U NA NA NA NA NA NA NA NA NA NA NA

3,820 76.9 B 1,320 NA 3,560 NA NA NA NA NA NA NA NA NA NA NA
2 U 2 U 2 U NA 2 U NA NA NA NA NA NA NA NA NA NA NA

2,680 J 2,260 J 2,070 J NA 2,270 J NA NA NA NA NA NA NA NA NA NA NA
28.2 4.9 J 377 NA 383 NA NA NA NA NA NA NA NA NA NA NA

0.2 R 0.15 U 0.2 R NA 0.2 R NA NA NA NA NA NA NA NA NA NA NA
5.4 J 3.5 J 20.8 J NA 3.7 J NA NA NA NA NA NA NA NA NA NA NA

1,910 J 1,150 J 1,180 J NA 1,560 J NA NA NA NA NA NA NA NA NA NA NA
2.2 U 4 U 2.2 U NA 2.2 U NA NA NA NA NA NA NA NA NA NA NA
0.6 UL 2 U 0.6 UL NA 0.6 UL NA NA NA NA NA NA NA NA NA NA NA

26,600 13,300 24,100 NA 59,900 NA NA NA NA NA NA NA NA NA NA NA
2.3 U 3 U 2.3 U NA 2.3 U NA NA NA NA NA NA NA NA NA NA NA

15.2 J 0.82 J 2.2 J NA 1 U NA NA NA NA NA NA NA NA NA NA NA
42 20.1 B 82.8 NA 85.1 NA NA NA NA NA NA NA NA NA NA NA

NA 20 U NA NA NA 20 U NA NA NA NA NA NA NA 77 20 U 190
0.2 U 6 11 NA 29 210 NA 43.6 51.6 25.8 25.6 208 55.1 7.7 2.7 29
NA 0.013 U NA NA NA 0.013 U NA 7.00E-05 J 0.002 U 0.002 U 7.00E-04 J 0.002 U 4.00E-05 J 0.13 0.039 8
NA 0.033 U NA NA NA 0.033 U NA 0.002 U 0.002 U 0.002 U 9.00E-04 J 6.00E-05 J 0.002 U 0.033 U 0.033 U 0.033 U

1 U NA 1 U NA 1 U NA NA NA NA NA NA NA NA NA NA NA
NA 0.025 U NA NA NA 0.025 U NA 4.00E-04 J 6.00E-04 J 3.00E-04 J 0.029 8.00E-04 J 0.048 0.025 U 0.025 U 0.025 U
0.2 U 2.4 1.8 NA 4.4 0.093 NA 0.05 U 0.05 U 0.05 U 0.05 U 0.15 0.05 U 0.29 0.11 0.066
NA 2.4 NA NA NA 0.093 NA NA NA NA NA NA NA 0.29 0.11 0.066
0.2 U 0.025 U 9.9 NA 35 0.025 U NA NA NA NA NA NA NA 0.025 U 0.025 U 0.025 U
0.2 U 13 0.2 U NA 2.6 13 NA 5 U 74.1 9.46 9.24 15.7 13.6 17 14 5.9
NA 0.035 NA NA NA 0.03 U NA NA NA NA NA NA NA 0.041 0.11 0.03 U
NA 77 NA NA NA 320 NA NA NA NA NA NA NA 190 67 230
1.6 10 U 3.3 NA 3.3 10 U NA 5 U 37.0 5 U 5 U 5 U 17.0 10 U 10 U 11
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Table A-2
Complete Analytical Results of Direct Push Points

Site 47, Feasibility Study
NSF-IH, Indian Head, Maryland  

Station ID
Sample ID
Sample Date
Depth Interval  (Feet)
Chemical Name

Volatile Organic Compounds (UG/L)
1,1,1-Trichloroethane 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
1,1,2,2-Tetrachloroethane 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
1,1,2-Trichloro-1,2,2-trifluoroethane(Freon NA NA NA 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
1,1,2-Trichloroethane 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
1,1-Dichloroethane 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
1,1-Dichloroethene 10 U 10 U 9.6 J 10 U 10 U 10 U 4.7 J 10 U 8.3 J 10 U 10 U
1,2,3-Trichlorobenzene NA NA NA NA NA NA NA NA NA NA NA
1,2,4-Trichlorobenzene NA NA NA 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
1,2,4-Trimethylbenzene NA NA NA NA NA NA NA NA NA NA NA
1,2-Dibromo-3-chloropropane NA NA NA 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
1,2-Dibromoethane NA NA NA 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
1,2-Dichlorobenzene NA NA NA 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
1,2-Dichloroethane 310 D 240 D 82 21 10 U 10 U 10 U 10 U 10 U 10 U 10 U
1,2-Dichloropropane 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
1,3,5-Trimethylbenzene NA NA NA NA NA NA NA NA NA NA NA
1,3-Dichlorobenzene NA NA NA 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
1,3-Dichloropropane NA NA NA NA NA NA NA NA NA NA NA
1,4-Dichlorobenzene NA NA NA 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
2-Butanone 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
2-Hexanone 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
4-Methyl-2-pentanone 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
Acetone 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
Benzene 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
Bromodichloromethane 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
Bromoform 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
Bromomethane 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
Carbon disulfide 10 U 10 U 2,000 UD 10 U 10 U 41 74 10 U 10 U 10 U 10 U
Carbon tetrachloride 400 D 550 D 9,000 D 10 U 10 U 350 D 31 10 U 10 U 10 U 4 J
Chlorobenzene 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
Chloroethane 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
Chloroform 410 D 590 D 16,000 D 10 U 10 U 350 D 280 D 10 U 10 U 10 U 30
Chloromethane 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
Cumene NA NA NA 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
Cyclohexane NA NA NA 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
Dibromochloromethane 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
Dichlorodifluoromethane(Freon-12) NA NA NA 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
Ethylbenzene 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
Hexachlorobutadiene NA NA NA NA NA NA NA NA NA NA NA
Methyl acetate NA NA NA 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
Methyl-tert-butyl ether (MTBE) NA NA NA 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
Methylcyclohexane NA NA NA 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
Methylene chloride 10 U 10 U 2,000 UD 10 U 10 U 10 U 120 10 U 10 U 10 U 10 U
Naphthalene NA NA NA NA NA NA NA NA NA NA NA
Styrene 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
Tetrachloroethene 10 U 10 U 77 110 34 82 160 10 U 29 10 U 38
Toluene 10 U 10 U 22 11 6.4 J 10 U 72 10 U 10 U 8.1 J 10
Trichloroethene 4.3 J 3.3 J 11 170 57 190 80 8.1 J 10 U 10 U 4.6 J
Trichlorofluoromethane(Freon-11) NA NA NA 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
Vinyl chloride 10 U 10 U 10 U 18 23 10 U 10 U 14 68 10 U 10 U
cis-1,2-Dichloroethene 10 U 10 U 10 U 140 140 36 86 89 2,300 D 10 U 12
cis-1,3-Dichloropropene 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
m- and p-Xylene 10 U 10 U 10 U 6.5 J 10 U 10 U 10 U 10 U 10 U 10 U 10 U
n-Butylbenzene NA NA NA NA NA NA NA NA NA NA NA
n-Propylbenzene NA NA NA NA NA NA NA NA NA NA NA

12 to 16 6 to 10 14 to 18 8 to 127 to 11 10 to 14 4 to 8 4 to 812 to 21 11 to 15

IS47GW02 IS47GW10
IS47GW100301

03/15/01

IS47GW08
IS47GW080301

03/15/01

IS47GW09
IS47GW090301

03/15/01

IS47GW06
IS47GW060301

03/15/01

IS47GW07
IS47GW070301

03/15/01

IS47GW04
IS47GW040301

03/15/01

IS47GW05
IS47GW050301

03/15/01
IS47GW020301

03/13/01

IS47GW03
IS47GW030301

03/15/01

IS47GW01
IS47GW010301

03/13/01
IS47GW220301

03/13/01



Table A-2
Complete Analytical Results of Direct Push Points

Site 47, Feasibility Study
NSF-IH, Indian Head, Maryland  

Station ID
Sample ID
Sample Date
Depth Interval  (Feet)
Chemical Name

12 to 16 6 to 10 14 to 18 8 to 127 to 11 10 to 14 4 to 8 4 to 812 to 21 11 to 15

IS47GW02 IS47GW10
IS47GW100301

03/15/01

IS47GW08
IS47GW080301

03/15/01

IS47GW09
IS47GW090301

03/15/01

IS47GW06
IS47GW060301

03/15/01

IS47GW07
IS47GW070301

03/15/01

IS47GW04
IS47GW040301

03/15/01

IS47GW05
IS47GW050301

03/15/01
IS47GW020301

03/13/01

IS47GW03
IS47GW030301

03/15/01

IS47GW01
IS47GW010301

03/13/01
IS47GW220301

03/13/01

o-Xylene 10 U 10 U 10 U 2.8 J 10 U 10 U 10 U 10 U 10 U 10 U 10 U
p-Isopropyltoluene NA NA NA NA NA NA NA NA NA NA NA
sec-Butylbenzene NA NA NA NA NA NA NA NA NA NA NA
tert-Butylbenzene NA NA NA NA NA NA NA NA NA NA NA
trans-1,2-Dichloroethene 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 33 10 U 10 U
trans-1,3-Dichloropropene 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U

Semi-volatile Organic Compounds (UG/L)
2,4,5-Trichlorophenol NA NA NA NA NA NA NA NA NA NA NA
2,4,6-Trichlorophenol NA NA NA NA NA NA NA NA NA NA NA
2,4-Dichlorophenol NA NA NA NA NA NA NA NA NA NA NA
2,4-Dimethylphenol NA NA NA NA NA NA NA NA NA NA NA
2,4-Dinitrophenol NA NA NA NA NA NA NA NA NA NA NA
2-Chloronaphthalene NA NA NA NA NA NA NA NA NA NA NA
2-Chlorophenol NA NA NA NA NA NA NA NA NA NA NA
2-Methylnaphthalene NA NA NA NA NA NA NA NA NA NA NA
2-Methylphenol NA NA NA NA NA NA NA NA NA NA NA
2-Nitroaniline NA NA NA NA NA NA NA NA NA NA NA
2-Nitrophenol NA NA NA NA NA NA NA NA NA NA NA
3,3'-Dichlorobenzidine NA NA NA NA NA NA NA NA NA NA NA
3-Nitroaniline NA NA NA NA NA NA NA NA NA NA NA
4,6-Dinitro-2-methylphenol NA NA NA NA NA NA NA NA NA NA NA
4-Bromophenyl-phenylether NA NA NA NA NA NA NA NA NA NA NA
4-Chloro-3-methylphenol NA NA NA NA NA NA NA NA NA NA NA
4-Chloroaniline NA NA NA NA NA NA NA NA NA NA NA
4-Chlorophenyl-phenylether NA NA NA NA NA NA NA NA NA NA NA
4-Methylphenol NA NA NA NA NA NA NA NA NA NA NA
4-Nitroaniline NA NA NA NA NA NA NA NA NA NA NA
4-Nitrophenol NA NA NA NA NA NA NA NA NA NA NA
Acenaphthene NA NA NA NA NA NA NA NA NA NA NA
Acenaphthylene NA NA NA NA NA NA NA NA NA NA NA
Anthracene NA NA NA NA NA NA NA NA NA NA NA
Benzo(a)anthracene NA NA NA NA NA NA NA NA NA NA NA
Benzo(a)pyrene NA NA NA NA NA NA NA NA NA NA NA
Benzo(b)fluoranthene NA NA NA NA NA NA NA NA NA NA NA
Benzo(g,h,i)perylene NA NA NA NA NA NA NA NA NA NA NA
Benzo(k)fluoranthene NA NA NA NA NA NA NA NA NA NA NA
Bis(2-chloro-1-methylethyl) ether NA NA NA NA NA NA NA NA NA NA NA
Butylbenzylphthalate NA NA NA NA NA NA NA NA NA NA NA
Carbazole NA NA NA NA NA NA NA NA NA NA NA
Chrysene NA NA NA NA NA NA NA NA NA NA NA
Di-n-butylphthalate NA NA NA NA NA NA NA NA NA NA NA
Di-n-octylphthalate NA NA NA NA NA NA NA NA NA NA NA
Dibenz(a,h)anthracene NA NA NA NA NA NA NA NA NA NA NA
Dibenzofuran NA NA NA NA NA NA NA NA NA NA NA
Diethylphthalate NA NA NA NA NA NA NA NA NA NA NA
Dimethyl phthalate NA NA NA NA NA NA NA NA NA NA NA
Fluoranthene NA NA NA NA NA NA NA NA NA NA NA
Fluorene NA NA NA NA NA NA NA NA NA NA NA
Hexachlorobenzene NA NA NA NA NA NA NA NA NA NA NA
Hexachlorobutadiene NA NA NA NA NA NA NA NA NA NA NA
Hexachlorocyclopentadiene NA NA NA NA NA NA NA NA NA NA NA
Hexachloroethane NA NA NA NA NA NA NA NA NA NA NA
Indeno(1,2,3-cd)pyrene NA NA NA NA NA NA NA NA NA NA NA
Isophorone NA NA NA NA NA NA NA NA NA NA NA
Pentachlorophenol NA NA NA NA NA NA NA NA NA NA NA



Table A-2
Complete Analytical Results of Direct Push Points

Site 47, Feasibility Study
NSF-IH, Indian Head, Maryland  

Station ID
Sample ID
Sample Date
Depth Interval  (Feet)
Chemical Name

12 to 16 6 to 10 14 to 18 8 to 127 to 11 10 to 14 4 to 8 4 to 812 to 21 11 to 15

IS47GW02 IS47GW10
IS47GW100301

03/15/01

IS47GW08
IS47GW080301

03/15/01

IS47GW09
IS47GW090301

03/15/01

IS47GW06
IS47GW060301

03/15/01

IS47GW07
IS47GW070301

03/15/01

IS47GW04
IS47GW040301

03/15/01

IS47GW05
IS47GW050301

03/15/01
IS47GW020301

03/13/01

IS47GW03
IS47GW030301

03/15/01

IS47GW01
IS47GW010301

03/13/01
IS47GW220301

03/13/01

Phenanthrene NA NA NA NA NA NA NA NA NA NA NA
Phenol NA NA NA NA NA NA NA NA NA NA NA
Pyrene NA NA NA NA NA NA NA NA NA NA NA
bis(2-Chloroethoxy)methane NA NA NA NA NA NA NA NA NA NA NA
bis(2-Chloroethyl)ether NA NA NA NA NA NA NA NA NA NA NA
bis(2-Ethylhexyl)phthalate NA NA NA NA NA NA NA NA NA NA NA
n-Nitroso-di-n-propylamine NA NA NA NA NA NA NA NA NA NA NA
n-Nitrosodiphenylamine NA NA NA NA NA NA NA NA NA NA NA
Bromochloromethane NA NA NA NA NA NA NA NA NA NA NA
Xylene, total NA NA NA NA NA NA NA NA NA NA NA

Explosives (UG/L)
1,3,5-Trinitrobenzene NA NA NA NA NA NA NA NA NA NA NA
1,3-Dinitrobenzene NA NA NA NA NA NA NA NA NA NA NA
2,4,6-Trinitrotoluene NA NA NA NA NA NA NA NA NA NA NA
2,4-Dinitrotoluene NA NA NA NA NA NA NA NA NA NA NA
2,6-Dinitrotoluene NA NA NA NA NA NA NA NA NA NA NA
2-Amino-4,6-dinitrotoluene NA NA NA NA NA NA NA NA NA NA NA
2-Nitrotoluene NA NA NA NA NA NA NA NA NA NA NA
3-Nitrotoluene NA NA NA NA NA NA NA NA NA NA NA
4-Amino-2,6-dinitrotoluene NA NA NA NA NA NA NA NA NA NA NA
4-Nitrotoluene NA NA NA NA NA NA NA NA NA NA NA
HMX NA NA NA NA NA NA NA NA NA NA NA
Nitrobenzene NA NA NA NA NA NA NA NA NA NA NA
Nitrocellulose NA NA NA NA NA NA NA NA NA NA NA
Nitroglycerin NA NA NA NA NA NA NA NA NA NA NA
Nitroguanidine NA NA NA NA NA NA NA NA NA NA NA
PETN NA NA NA NA NA NA NA NA NA NA NA
Perchlorate NA NA NA NA NA NA NA NA NA NA NA
RDX NA NA NA NA NA NA NA NA NA NA NA
Tetryl NA NA NA NA NA NA NA NA NA NA NA

Total Metals (UG/L)
Aluminum NA NA NA NA NA NA NA NA NA NA NA
Antimony NA NA NA NA NA NA NA NA NA NA NA
Arsenic NA NA NA NA NA NA NA NA NA NA NA
Barium NA NA NA NA NA NA NA NA NA NA NA
Beryllium NA NA NA NA NA NA NA NA NA NA NA
Cadmium NA NA NA NA NA NA NA NA NA NA NA
Calcium NA NA NA NA NA NA NA NA NA NA NA
Chromium NA NA NA NA NA NA NA NA NA NA NA
Cobalt NA NA NA NA NA NA NA NA NA NA NA
Copper NA NA NA NA NA NA NA NA NA NA NA
Iron NA NA NA NA NA NA NA NA NA NA NA
Lead NA NA NA NA NA NA NA NA NA NA NA
Magnesium NA NA NA NA NA NA NA NA NA NA NA
Manganese NA NA NA NA NA NA NA NA NA NA NA
Mercury NA NA NA NA NA NA NA NA NA NA NA
Nickel NA NA NA NA NA NA NA NA NA NA NA
Potassium NA NA NA NA NA NA NA NA NA NA NA
Selenium NA NA NA NA NA NA NA NA NA NA NA
Silver NA NA NA NA NA NA NA NA NA NA NA
Sodium NA NA NA NA NA NA NA NA NA NA NA
Thallium NA NA NA NA NA NA NA NA NA NA NA
Vanadium NA NA NA NA NA NA NA NA NA NA NA
Zinc NA NA NA NA NA NA NA NA NA NA NA



Table A-2
Complete Analytical Results of Direct Push Points

Site 47, Feasibility Study
NSF-IH, Indian Head, Maryland  

Station ID
Sample ID
Sample Date
Depth Interval  (Feet)
Chemical Name

12 to 16 6 to 10 14 to 18 8 to 127 to 11 10 to 14 4 to 8 4 to 812 to 21 11 to 15

IS47GW02 IS47GW10
IS47GW100301

03/15/01

IS47GW08
IS47GW080301

03/15/01

IS47GW09
IS47GW090301

03/15/01

IS47GW06
IS47GW060301

03/15/01

IS47GW07
IS47GW070301

03/15/01

IS47GW04
IS47GW040301

03/15/01

IS47GW05
IS47GW050301

03/15/01
IS47GW020301

03/13/01

IS47GW03
IS47GW030301

03/15/01

IS47GW01
IS47GW010301

03/13/01
IS47GW220301

03/13/01

Dissolved Metals (UG/L)
Aluminum 46.7 B 72.1 B 8.2 U 1,070 E 218 E 96.9 BE 253 E 51.5 BE 83.7 BE 316 E 8.2 UE
Antimony 7.5 U 7.5 U 7.5 U 7.5 U 7.5 U 7.5 U 7.5 U 7.5 U 7.5 U 7.5 U 7.5 U
Arsenic 7.4 B 15.8 4.5 U 4.5 U 4.5 U 17.5 6.3 B 4.5 U 4.5 U 4.5 U 4.5 U
Barium 63 B 210 0.3 U 81 B 53.6 B 67.5 B 67.1 B 48.1 B 12.5 B 41 B 6 B
Beryllium 0.1 U 0.56 B 0.1 U 0.1 U 0.1 U 0.4 B 0.65 B 0.1 U 0.1 B 0.1 U 0.1 U
Cadmium 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U
Calcium 4,310 B 9,000 3.1 U 5,020 3,710 B 5,980 5,600 4,590 B 5,630 3,530 B 2,090 B
Chromium 0.5 U 0.5 U 0.5 U 1.4 B 0.5 U 2.1 B 2.7 B 0.5 U 0.5 U 0.5 U 0.5 U
Cobalt 3.5 B 105 1.1 U 5.2 B 1.1 U 40.3 B 26.7 B 1.1 B 4.7 B 1.2 B 2.6 B
Copper 1.2 U 1.2 U 1.2 U 1.2 U 1.2 U 1.2 U 1.2 U 1.2 U 1.2 U 1.2 U 1.2 U
Iron 14,700 23,500 20.6 U 31,200 19,500 11,200 23,900 20,500 1,440 20,400 1,180
Lead 1.5 U 1.7 B 1.5 U 6 3.4 1.5 U 3 3.6 1.5 U 5.1 1.5 U
Magnesium 3,560 B 7,180 5.5 U 4,850 B 3,470 B 2,540 B 1,400 B 2,080 B 1,090 B 2,620 B 687 B
Manganese 430 382 0.3 U 830 563 171 246 496 47.4 476 44.2
Mercury 0.2 U 0.2 U 0.2 U 0.2 UN 0.2 UN 0.2 UN 0.2 UN 0.2 UN 0.2 UN 0.2 UN 0.2 UN
Nickel 2.5 48.5 1.6 U 1.6 U 3.1 B 15 B 20.4 B 1.6 U 1.8 B 1.6 U 1.6 U
Potassium 3,090 BE 3,500 BE 22.3 UE 3,480 BE 2,060 BE 1,740 BE 979 BE 1,490 BE 1,010 BE 2,010 BE 1,200 BE
Selenium 4.8 U 4.8 U 4.8 U 4.8 U 4.8 U 4.8 U 32 4.8 U 19.7 4.8 U 4.8 U
Silver 1.6 U 1.6 U 1.6 U 1.6 U 1.6 B 1.6 U 1.6 U 1.6 U 1.6 U 1.6 U 1.6 U
Sodium 22,000 17,600 289 U 15,900 14,600 4,980 B 6,080 16,700 12,800 18,900 2,220 B
Thallium 5.2 U 5.2 U 5.2 U 5.2 U 5.2 U 5.2 U 5.2 U 5.2 U 5.7 B 5.2 U 7.6 B
Vanadium 1.9 B 3.5 B 0.8 B 5.9 B 2.8 B 7.4 B 12.7 B 2 B 2.6 B 2.4 B 2.8 B
Zinc 11.7 B 106 5.9 B 14.3 B 55.1 42.8 38.2 10.5 B 7.8 B 11.2 B 7.8 B

Notes:
Shading indicates detection. NA: Not analyzed.
1999 data are validated.  2001 data are not validated.  For 2002, metals data are validated and volatiles data are not validated.
For 1999 validated data:

U: Not detected greater than the reported detection limit. L: Estimated and biased low.
UJ: Not detected.  The reported detection limit may be estimated. B: Not detected significantly greater than that in an associated blank.
UL: Not detected.  The detection limit may be biased high. R: Rejected.  Unreliable result.
J: Estimated.  The reported value may be inaccurate or imprecise.

For 2001 unvalidated data:
D: Result is from a diluted analysis. J: Below detection limit.
U: Not detected greater than the reported detection limit. B: Below detection limit.
UN: Not detected.  An associated QC spike was out of limits. BE: Below detection limit.  Matrix interference.
UE: Not detected.  Matrix interference.

For 2002 volatiles data:
U: Not detected greater than the reported detection limit. E: Result exceeds the instrument's linear calibration range.
D: Result is from a diluted analysis. DE: Result exceeds the instrument's linear calibration range and is from a diluted analysis.
DJ: Below detection limit.  Result is from a diluted analysis. B: Analyte was also present in an associated blank.
J: Below detection limit.

For 2002 metals data:
U: Not detected greater than the reported detection limit. J: Estimated.  The reported value may be inaccurate or imprecise.
UL: Not detected.  The detection limit may be biased high. L: Estimated and biased low.
B: Not detected significantly greater than that in an associated blank.



Table A-2
Complete Analytical Results of Direct Push Points

Site 47, Feasibility Study
NSF-IH, Indian Head, Maryland  

Station ID
Sample ID
Sample Date
Depth Interval  (Feet)
Chemical Name

Volatile Organic Compounds (UG/L)
1,1,1-Trichloroethane
1,1,2,2-Tetrachloroethane
1,1,2-Trichloro-1,2,2-trifluoroethane(Freon
1,1,2-Trichloroethane
1,1-Dichloroethane
1,1-Dichloroethene
1,2,3-Trichlorobenzene
1,2,4-Trichlorobenzene
1,2,4-Trimethylbenzene
1,2-Dibromo-3-chloropropane
1,2-Dibromoethane
1,2-Dichlorobenzene
1,2-Dichloroethane
1,2-Dichloropropane
1,3,5-Trimethylbenzene
1,3-Dichlorobenzene
1,3-Dichloropropane
1,4-Dichlorobenzene
2-Butanone
2-Hexanone
4-Methyl-2-pentanone
Acetone
Benzene
Bromodichloromethane
Bromoform
Bromomethane
Carbon disulfide
Carbon tetrachloride
Chlorobenzene
Chloroethane
Chloroform
Chloromethane
Cumene
Cyclohexane
Dibromochloromethane
Dichlorodifluoromethane(Freon-12)
Ethylbenzene
Hexachlorobutadiene
Methyl acetate
Methyl-tert-butyl ether (MTBE)
Methylcyclohexane
Methylene chloride
Naphthalene
Styrene
Tetrachloroethene
Toluene
Trichloroethene
Trichlorofluoromethane(Freon-11)
Vinyl chloride
cis-1,2-Dichloroethene
cis-1,3-Dichloropropene
m- and p-Xylene
n-Butylbenzene
n-Propylbenzene

10 U 10 U 10 U 2 U 2 U 2 U 2 U 2 U 2 U 2 U 2 U
10 U 10 U 10 U NA NA NA NA NA NA NA NA
10 U 10 U 10 U NA NA NA NA NA NA NA NA
10 U 10 U 10 U 2 U 2 U 2 U 2 U 2 U 2 U 2 U 2 U
10 U 10 U 10 U 2 U 2 U 2 U 2 U 2 U 2 U 2 U 2 U
10 U 10 U 10 U 2 U 2 U 2 U 2 U 2 U 2 U 2 U 2 U

NA NA NA 3 U 3 U 3 U 3 U 3 U 3 U 3 U 3 U
10 U 10 U 10 U 3 U 3 U 3 U 3 U 3 U 3 U 3 U 3 U

NA NA NA 2 U 2 U 2 U 2 U 2 U 2 U 2 U 2 U
10 U 10 U 10 U NA NA NA NA NA NA NA NA
10 U 10 U 10 U 2 U 2 U 2 U 2 U 2 U 2 U 2 U 2 U
10 U 10 U 10 U 2 U 2 U 2 U 2 U 2 U 2 U 2 U 2 U

140 20 16 3 U 3 U 7 3 U 27 24 3 U 3 U
10 U 10 U 10 U 2 U 2 U 2 U 2 U 2 U 2 U 2 U 2 U

NA NA NA 2 U 2 U 2 U 2 U 2 U 2 U 2 U 2 U
10 U 10 U 10 U 2 U 2 U 2 U 2 U 2 U 2 U 2 U 2 U

NA NA NA 3 U 3 U 3 U 3 U 3 U 3 U 3 U 3 U
10 U 10 U 10 U 2 U 2 U 2 U 2 U 2 U 2 U 2 U 2 U
10 U 10 U 10 U NA NA NA NA NA NA NA NA
10 U 10 U 10 U NA NA NA NA NA NA NA NA
10 U 10 U 10 U NA NA NA NA NA NA NA NA
10 U 10 U 10 U NA NA NA NA NA NA NA NA
10 U 10 U 10 U 2 U 2 U 2 U 2 U 2 U 2 U 2 U 2 U
10 U 10 U 10 U 2 U 2 U 2 U 2 U 2 U 2 U 2 U 2 U
10 U 10 U 10 U 2 U 1 B 2 U 2 U 2 U 2 U 1 B 2 U
10 U 10 U 10 U 2 U 2 U 2 U 2 U 2 U 2 U 2 U 2 U
10 U 10 U 10 U NA NA NA NA NA NA NA NA
10 U 10 U 10 U 2 U 2 U 2 U 2 U 2 U 2 U 2 U 1 J
10 U 10 U 10 U 2 U 2 U 2 U 2 U 2 U 2 U 2 U 2 U
10 U 10 U 10 U 2 U 2 U 2 U 2 U 2 U 2 U 2 U 2 U
10 U 10 U 10 U 2 U 2 U 2 U 2 U 2 U 2 U 2 U 2 U
10 U 10 U 10 U 2 U 2 U 2 U 2 U 2 U 2 U 2 U 2 U
10 U 10 U 10 U 2 U 2 U 2 U 2 U 2 U 2 U 2 U 2 U
10 U 10 U 10 U NA NA NA NA NA NA NA NA
10 U 10 U 10 U 2 U 2 U 2 U 2 U 2 U 2 U 2 U 2 U
10 U 10 U 10 U 2 U 2 U 2 U 2 U 2 U 2 U 2 U 2 U
10 U 10 U 10 U 2 U 2 U 2 U 2 U 2 U 2 U 2 U 2 U

NA NA NA 2 U 2 U 2 U 2 U 2 U 2 U 2 U 2 U
10 U 10 U 10 U NA NA NA NA NA NA NA NA
10 U 10 U 10 U NA NA NA NA NA NA NA NA
10 U 10 U 10 U NA NA NA NA NA NA NA NA
10 U 10 U 10 U 2 U 2 U 2 U 2 U 2 U 2 U 2 U 2 U

NA NA NA 3 U 2 3 U 3 U 3 U 3 U 3 U 3 U
10 U 10 U 10 U 2 U 2 U 2 U 2 U 2 U 2 U 2 U 2 U
10 U 10 U 10 U 2 U 2 U 2 U 2 U 2 U 2 U 2 U 2 U

8.1 J 13 5.7 J 2 U 2 U 2 U 2 U 2 U 2 U 2 U 2 U
6.7 J 6.7 J 5.2 J 2 U 2 U 2 U 2 U 2 U 2 U 2 U 2 U
10 U 10 U 10 U 2 U 2 U 2 U 2 U 2 U 2 U 2 U 2 U
10 U 10 U 10 U 2 U 2 U 2 U 2 U 2 U 2 U 2 U 2 U
10 U 15 9.5 J 2 U 2 U 2 U 2 U 2 U 2 U 2 U 2 U
10 U 10 U 10 U 2 U 2 U 2 U 2 U 2 U 2 U 2 U 2 U
10 U 10 U 10 U 4 U 4 U 4 U 4 U 4 U 4 U 4 U 4 U

NA NA NA 2 U 2 U 2 U 2 U 2 U 2 U 2 U 2 U
NA NA NA 2 U 2 U 2 U 2 U 2 U 2 U 2 U 2 U

NA NANA NA NA NA17 to 21 7 to 11 NA NA

IS47GW12 IS47GW27 IS47GW28
IS47GW280602

06/18/02

IS47GW29
IS47GW290602

06/18/02
IS47GW270602

06/19/02
IS47GW270602P

06/19/02

IS47GW25
IS47GW250602

06/19/02

IS47GW26
IS47GW260602

06/19/02

IS47GW23
IS47GW230602

06/17/02

IS47GW24
IS47GW240602

06/18/02
IS47GW120301

03/15/01
IS47GW320301

03/15/01

IS47GW11
IS47GW110301

03/15/01



Table A-2
Complete Analytical Results of Direct Push Points

Site 47, Feasibility Study
NSF-IH, Indian Head, Maryland  

Station ID
Sample ID
Sample Date
Depth Interval  (Feet)
Chemical Name
o-Xylene
p-Isopropyltoluene
sec-Butylbenzene
tert-Butylbenzene
trans-1,2-Dichloroethene
trans-1,3-Dichloropropene

Semi-volatile Organic Compounds (UG/
2,4,5-Trichlorophenol
2,4,6-Trichlorophenol
2,4-Dichlorophenol
2,4-Dimethylphenol
2,4-Dinitrophenol
2-Chloronaphthalene
2-Chlorophenol
2-Methylnaphthalene
2-Methylphenol
2-Nitroaniline
2-Nitrophenol
3,3'-Dichlorobenzidine
3-Nitroaniline
4,6-Dinitro-2-methylphenol
4-Bromophenyl-phenylether
4-Chloro-3-methylphenol
4-Chloroaniline
4-Chlorophenyl-phenylether
4-Methylphenol
4-Nitroaniline
4-Nitrophenol
Acenaphthene
Acenaphthylene
Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(g,h,i)perylene
Benzo(k)fluoranthene
Bis(2-chloro-1-methylethyl) ether
Butylbenzylphthalate
Carbazole
Chrysene
Di-n-butylphthalate
Di-n-octylphthalate
Dibenz(a,h)anthracene
Dibenzofuran
Diethylphthalate
Dimethyl phthalate
Fluoranthene
Fluorene
Hexachlorobenzene
Hexachlorobutadiene
Hexachlorocyclopentadiene
Hexachloroethane
Indeno(1,2,3-cd)pyrene
Isophorone
Pentachlorophenol

NA NANA NA NA NA17 to 21 7 to 11 NA NA

IS47GW12 IS47GW27 IS47GW28
IS47GW280602

06/18/02

IS47GW29
IS47GW290602

06/18/02
IS47GW270602

06/19/02
IS47GW270602P

06/19/02

IS47GW25
IS47GW250602

06/19/02

IS47GW26
IS47GW260602

06/19/02

IS47GW23
IS47GW230602

06/17/02

IS47GW24
IS47GW240602

06/18/02
IS47GW120301

03/15/01
IS47GW320301

03/15/01

IS47GW11
IS47GW110301

03/15/01

10 U 10 U 10 U 2 U 2 U 2 U 2 U 2 U 2 U 2 U 2 U
NA NA NA 2 U 2 U 2 U 2 U 2 U 2 U 2 U 2 U
NA NA NA 2 U 2 U 2 U 2 U 2 U 2 U 2 U 2 U
NA NA NA 2 U 2 U 2 U 2 U 2 U 2 U 2 U 2 U
10 U 10 U 10 U 2 U 2 U 2 U 2 U 2 U 2 U 2 U 2 U
10 U 10 U 10 U 2 U 2 U 2 U 2 U 2 U 2 U 2 U 2 U

NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA



Table A-2
Complete Analytical Results of Direct Push Points

Site 47, Feasibility Study
NSF-IH, Indian Head, Maryland  

Station ID
Sample ID
Sample Date
Depth Interval  (Feet)
Chemical Name
Phenanthrene
Phenol
Pyrene
bis(2-Chloroethoxy)methane
bis(2-Chloroethyl)ether
bis(2-Ethylhexyl)phthalate
n-Nitroso-di-n-propylamine
n-Nitrosodiphenylamine
Bromochloromethane
Xylene, total

Explosives (UG/L)
1,3,5-Trinitrobenzene
1,3-Dinitrobenzene
2,4,6-Trinitrotoluene
2,4-Dinitrotoluene
2,6-Dinitrotoluene
2-Amino-4,6-dinitrotoluene
2-Nitrotoluene
3-Nitrotoluene
4-Amino-2,6-dinitrotoluene
4-Nitrotoluene
HMX
Nitrobenzene
Nitrocellulose
Nitroglycerin
Nitroguanidine
PETN
Perchlorate
RDX
Tetryl

Total Metals (UG/L)
Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Calcium
Chromium
Cobalt
Copper
Iron
Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Selenium
Silver
Sodium
Thallium
Vanadium
Zinc

NA NANA NA NA NA17 to 21 7 to 11 NA NA

IS47GW12 IS47GW27 IS47GW28
IS47GW280602

06/18/02

IS47GW29
IS47GW290602

06/18/02
IS47GW270602

06/19/02
IS47GW270602P

06/19/02

IS47GW25
IS47GW250602

06/19/02

IS47GW26
IS47GW260602

06/19/02

IS47GW23
IS47GW230602

06/17/02

IS47GW24
IS47GW240602

06/18/02
IS47GW120301

03/15/01
IS47GW320301

03/15/01

IS47GW11
IS47GW110301

03/15/01

NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA

NA NA NA NA NA 216 B 58.7 B 270 B NA NA NA
NA NA NA NA NA 3.8 B 3.1 B 4.9 B NA NA NA
NA NA NA NA NA 4.2 U 4.2 U 4.2 U NA NA NA
NA NA NA NA NA 95.2 J 146 J 124 J NA NA NA
NA NA NA NA NA 0.37 B 0.4 B 0.65 B NA NA NA
NA NA NA NA NA 0.3 U 0.3 U 0.3 U NA NA NA
NA NA NA NA NA 5,370 28,500 4,240 J NA NA NA
NA NA NA NA NA 0.5 U 0.5 U 0.93 B NA NA NA
NA NA NA NA NA 1.2 B 1.1 B 2 B NA NA NA
NA NA NA NA NA 1 L 0.7 UL 0.7 UL NA NA NA
NA NA NA NA NA 45,900 37,900 31,100 NA NA NA
NA NA NA NA NA 1.3 U 1.3 U 1.3 U NA NA NA
NA NA NA NA NA 3,230 J 5,910 4,260 J NA NA NA
NA NA NA NA NA 1,680 1,390 1,400 NA NA NA
NA NA NA NA NA 0.46 0.12 J 0.1 J NA NA NA
NA NA NA NA NA 1.2 B 1.6 B 9.1 B NA NA NA
NA NA NA NA NA 1,070 J 5,660 J 1,610 J NA NA NA
NA NA NA NA NA 2.2 J 2.2 U 2.7 J NA NA NA
NA NA NA NA NA 0.7 U 0.7 U 0.7 U NA NA NA
NA NA NA NA NA 8,750 B 18,200 B 16,000 B NA NA NA
NA NA NA NA NA 4.4 J 3.7 J 5.2 J NA NA NA
NA NA NA NA NA 1.5 B 0.5 U 2.6 B NA NA NA
NA NA NA NA NA 19.2 L 22.4 13.3 L NA NA NA



Table A-2
Complete Analytical Results of Direct Push Points

Site 47, Feasibility Study
NSF-IH, Indian Head, Maryland  

Station ID
Sample ID
Sample Date
Depth Interval  (Feet)
Chemical Name

Dissolved Metals (UG/L)
Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Calcium
Chromium
Cobalt
Copper
Iron
Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Selenium
Silver
Sodium
Thallium
Vanadium
Zinc

NA NANA NA NA NA17 to 21 7 to 11 NA NA

IS47GW12 IS47GW27 IS47GW28
IS47GW280602

06/18/02

IS47GW29
IS47GW290602

06/18/02
IS47GW270602

06/19/02
IS47GW270602P

06/19/02

IS47GW25
IS47GW250602

06/19/02

IS47GW26
IS47GW260602

06/19/02

IS47GW23
IS47GW230602

06/17/02

IS47GW24
IS47GW240602

06/18/02
IS47GW120301

03/15/01
IS47GW320301

03/15/01

IS47GW11
IS47GW110301

03/15/01

8.2 UE 196 BE 94.9 BE NA NA 56.5 B 59.3 B 58.6 B NA NA NA
7.5 U 7.5 U 7.5 U NA NA 1.6 U 1.6 U 4.2 B NA NA NA
5.4 B 4.5 U 4.5 U NA NA 4.2 U 4.2 U 5.5 J NA NA NA

78.3 B 48 B 48 B NA NA 97.1 J 161 J 138 J NA NA NA
0.1 U 0.1 U 0.1 U NA NA 0.76 B 0.73 B 0.74 B NA NA NA
0.5 U 0.5 U 0.5 U NA NA 0.3 U 0.3 U 0.3 U NA NA NA

5,710 3,160 B 3,090 B NA NA 5,400 28,800 5,120 NA NA NA
0.5 U 0.5 U 0.5 U NA NA 0.5 U 0.5 U 0.5 U NA NA NA
1.1 U 1.4 B 1.1 U NA NA 1.1 B 2.1 B 1.8 B NA NA NA
1.2 U 1.2 U 1.2 U NA NA 0.7 UL 0.7 UL 0.7 UL NA NA NA

22,000 22,800 22,300 NA NA 45,000 41,300 37,600 NA NA NA
3.8 2.3 B 3.1 NA NA 1.3 U 1.3 U 1.3 U NA NA NA

5,030 2,790 B 2,740 B NA NA 3,220 J 6,410 5,290 NA NA NA
867 688 671 NA NA 1,650 1,470 1,660 NA NA NA
0.2 UN 0.2 UN 0.2 UN NA NA 0.1 U 0.1 U 0.1 U NA NA NA
2.5 B 1.6 U 1.6 U NA NA 2.9 B 5.3 B 10.3 B NA NA NA

3,770 BE 2,260 BE 2,140 BE NA NA 1,170 B 7,030 J 2,410 J NA NA NA
4.8 U 4.8 U 4.8 U NA NA 2.2 U 2.2 U 2.5 J NA NA NA
1.6 U 1.6 U 1.6 U NA NA 0.7 U 0.7 U 0.7 U NA NA NA

16,100 14,800 14,700 NA NA 9,030 B 22,500 B 18,900 B NA NA NA
5.2 U 5.2 U 5.2 U NA NA 7.2 L 6.4 L 6 L NA NA NA
1.7 B 1.8 B 1.7 B NA NA 0.9 B 0.75 B 1.3 B NA NA NA

11.9 B 12.2 B 11 B NA NA 24.6 B 63.6 B 13.3 B NA NA NA



Table A-2
Complete Analytical Results of Direct Push Points

Site 47, Feasibility Study
NSF-IH, Indian Head, Maryland  

Station ID
Sample ID
Sample Date
Depth Interval  (Feet)
Chemical Name

Volatile Organic Compounds (UG/L)
1,1,1-Trichloroethane
1,1,2,2-Tetrachloroethane
1,1,2-Trichloro-1,2,2-trifluoroethane(Freon
1,1,2-Trichloroethane
1,1-Dichloroethane
1,1-Dichloroethene
1,2,3-Trichlorobenzene
1,2,4-Trichlorobenzene
1,2,4-Trimethylbenzene
1,2-Dibromo-3-chloropropane
1,2-Dibromoethane
1,2-Dichlorobenzene
1,2-Dichloroethane
1,2-Dichloropropane
1,3,5-Trimethylbenzene
1,3-Dichlorobenzene
1,3-Dichloropropane
1,4-Dichlorobenzene
2-Butanone
2-Hexanone
4-Methyl-2-pentanone
Acetone
Benzene
Bromodichloromethane
Bromoform
Bromomethane
Carbon disulfide
Carbon tetrachloride
Chlorobenzene
Chloroethane
Chloroform
Chloromethane
Cumene
Cyclohexane
Dibromochloromethane
Dichlorodifluoromethane(Freon-12)
Ethylbenzene
Hexachlorobutadiene
Methyl acetate
Methyl-tert-butyl ether (MTBE)
Methylcyclohexane
Methylene chloride
Naphthalene
Styrene
Tetrachloroethene
Toluene
Trichloroethene
Trichlorofluoromethane(Freon-11)
Vinyl chloride
cis-1,2-Dichloroethene
cis-1,3-Dichloropropene
m- and p-Xylene
n-Butylbenzene
n-Propylbenzene

2 12 2 U 2 U NA 3 2 U 3 2 U 2 U
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA

2 U 1 J 2 U 2 U NA 4 2 U 2 U 2 U 2 U
2 U 2 U 2 U 2 U NA 2 U 5 DJ 2 U 2 U 2
2 U 4 2 U 2 U NA 2 U 6 D 2 U 2 U 3
3 U 3 U 3 U 3 U NA 3 U 3 U 3 U 3 U 3 U
3 U 3 U 3 U 3 U NA 3 U 3 U 3 U 3 U 3 U
2 U 2 U 2 U 2 U NA 2 U 2 U 2 U 2 U 2 U

NA NA NA NA NA NA NA NA NA NA
2 U 2 U 2 U 2 U NA 2 U 2 U 2 U 2 U 2 U
2 U 2 U 2 U 2 U NA 2 U 2 U 2 U 2 U 2 U
1 J 8 3 U 19 NA 3 U 7 DJ 3 U 3 U 3 U
2 U 2 U 2 U 2 U NA 2 U 2 U 2 U 2 U 2 U
2 U 2 U 2 U 2 U NA 2 U 2 U 2 U 2 U 2 U
2 U 2 U 2 U 2 U NA 2 U 2 U 2 U 2 U 2 U
3 U 3 U 3 U 3 U NA 3 U 3 U 3 U 3 U 3 U
2 U 2 U 2 U 2 U NA 2 U 2 U 2 U 2 U 2 U

NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA

2 U 2 U 2 U 2 U NA 2 U 2 U 2 U 2 U 2 U
2 U 2 U 2 U 2 U NA 2 U 2 U 2 U 2 U 2 U
1 B 2 U 2 U 1 B NA 2 U 2 U 2 U 2 U 2 U
2 U 2 U 2 U 2 U NA 2 U 2 U 2 U 2 U 2 U

NA NA NA NA NA NA NA NA NA NA
11,000 D 110,000 D 14,000 D 12 NA 18,000 D 3 8,000 D 930 E 2,400 D

2 U 2 U 2 U 2 U NA 2 U 2 U 2 U 2 U 2 U
2 U 2 U 2 U 2 U NA 2 U 2 U 2 U 2 U 2 U

4,300 D 56,000 D 6,100 D 2 U NA 4,800 D 15 D 7,700 D 620 E 8,100 D
2 U 3 2 2 U NA 2 U 2 U 2 U 2 U 2 U
2 U 2 U 2 U 2 U NA 2 U 2 U 2 U 2 U 2 U

NA NA NA NA NA NA NA NA NA NA
2 U 3 2 U 2 U NA 64 E 8 DJ 2 U 2 U 2 U
2 U 2 U 2 U 2 U NA 2 U 2 U 2 U 2 U 2 U
2 U 2 U 2 U 2 U NA 2 U 2 U 2 U 2 U 2 U
2 U 2 U 2 U 2 U NA 2 U 2 U 2 U 2 U 2 U

NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA

4 31 2 2 U NA 3 2 U 10 9 18
3 U 3 U 3 U 3 U NA 3 U 3 U 3 U 3 U 3 U
2 U 2 U 2 U 2 U NA 2 U 2 U 2 U 2 U 2 U

21 3 30 2 U NA 69 E 9 DJ 100 D 57 E 16
2 U 52 E 2 U 2 U NA 2 U 2 U 6 7 4
2 U 16 2 U 18 NA 2 U 170 D 2 2 U 47
2 U 2 U 2 U 2 U NA 2 U 2 U 2 U 2 U 2 U
2 U 1 J 2 U 1 J NA 2 U 2 U 2 U 2 U 2 U
2 U 8 2 U 1 J NA 2 U 39 2 U 2 U 23
2 U 1 J 2 U 2 U NA 2 U 2 U 2 U 2 U 2 U
4 U 4 U 4 U 4 U NA 4 U 4 U 4 U 4 U 4 U
2 U 2 U 2 U 2 U NA 2 U 2 U 2 U 2 U 2 U
2 U 2 U 2 U 2 U NA 2 U 2 U 2 U 2 U 2 U

NA NA NA NANA NA NA NANA NA

IS47GW33
IS47GW360602P

06/19/02

IS47GW37
IS47GW370602

06/19/02

IS47GW36IS47GW35
IS47GW350602

06/19/02
IS47GW360602

06/19/02
IS47GW330602P

06/19/02

IS47GW34
IS47GW340602

06/19/02

IS47GW32
IS47GW320602

06/19/02
IS47GW330602

06/19/02

IS47GW30
IS47GW300602

06/19/02

IS47GW31
IS47GW310602

06/19/02



Table A-2
Complete Analytical Results of Direct Push Points

Site 47, Feasibility Study
NSF-IH, Indian Head, Maryland  

Station ID
Sample ID
Sample Date
Depth Interval  (Feet)
Chemical Name
o-Xylene
p-Isopropyltoluene
sec-Butylbenzene
tert-Butylbenzene
trans-1,2-Dichloroethene
trans-1,3-Dichloropropene

Semi-volatile Organic Compounds (UG/
2,4,5-Trichlorophenol
2,4,6-Trichlorophenol
2,4-Dichlorophenol
2,4-Dimethylphenol
2,4-Dinitrophenol
2-Chloronaphthalene
2-Chlorophenol
2-Methylnaphthalene
2-Methylphenol
2-Nitroaniline
2-Nitrophenol
3,3'-Dichlorobenzidine
3-Nitroaniline
4,6-Dinitro-2-methylphenol
4-Bromophenyl-phenylether
4-Chloro-3-methylphenol
4-Chloroaniline
4-Chlorophenyl-phenylether
4-Methylphenol
4-Nitroaniline
4-Nitrophenol
Acenaphthene
Acenaphthylene
Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(g,h,i)perylene
Benzo(k)fluoranthene
Bis(2-chloro-1-methylethyl) ether
Butylbenzylphthalate
Carbazole
Chrysene
Di-n-butylphthalate
Di-n-octylphthalate
Dibenz(a,h)anthracene
Dibenzofuran
Diethylphthalate
Dimethyl phthalate
Fluoranthene
Fluorene
Hexachlorobenzene
Hexachlorobutadiene
Hexachlorocyclopentadiene
Hexachloroethane
Indeno(1,2,3-cd)pyrene
Isophorone
Pentachlorophenol

NA NA NA NANA NA NA NANA NA

IS47GW33
IS47GW360602P

06/19/02

IS47GW37
IS47GW370602

06/19/02

IS47GW36IS47GW35
IS47GW350602

06/19/02
IS47GW360602

06/19/02
IS47GW330602P

06/19/02

IS47GW34
IS47GW340602

06/19/02

IS47GW32
IS47GW320602

06/19/02
IS47GW330602

06/19/02

IS47GW30
IS47GW300602

06/19/02

IS47GW31
IS47GW310602

06/19/02

2 U 2 U 2 U 2 U NA 2 U 2 U 2 U 2 U 2 U
2 U 2 U 2 U 2 U NA 2 U 2 U 2 U 2 U 2 U
2 U 2 U 2 U 2 U NA 2 U 2 U 2 U 2 U 2 U
2 U 2 U 2 U 2 U NA 2 U 2 U 2 U 2 U 2 U
2 U 2 U 2 U 2 U NA 2 U 1 J 2 U 2 U 2 U
2 U 2 2 U 2 U NA 2 U 2 U 2 U 2 U 2 U

NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA



Table A-2
Complete Analytical Results of Direct Push Points

Site 47, Feasibility Study
NSF-IH, Indian Head, Maryland  

Station ID
Sample ID
Sample Date
Depth Interval  (Feet)
Chemical Name
Phenanthrene
Phenol
Pyrene
bis(2-Chloroethoxy)methane
bis(2-Chloroethyl)ether
bis(2-Ethylhexyl)phthalate
n-Nitroso-di-n-propylamine
n-Nitrosodiphenylamine
Bromochloromethane
Xylene, total

Explosives (UG/L)
1,3,5-Trinitrobenzene
1,3-Dinitrobenzene
2,4,6-Trinitrotoluene
2,4-Dinitrotoluene
2,6-Dinitrotoluene
2-Amino-4,6-dinitrotoluene
2-Nitrotoluene
3-Nitrotoluene
4-Amino-2,6-dinitrotoluene
4-Nitrotoluene
HMX
Nitrobenzene
Nitrocellulose
Nitroglycerin
Nitroguanidine
PETN
Perchlorate
RDX
Tetryl

Total Metals (UG/L)
Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Calcium
Chromium
Cobalt
Copper
Iron
Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Selenium
Silver
Sodium
Thallium
Vanadium
Zinc

NA NA NA NANA NA NA NANA NA

IS47GW33
IS47GW360602P

06/19/02

IS47GW37
IS47GW370602

06/19/02

IS47GW36IS47GW35
IS47GW350602

06/19/02
IS47GW360602

06/19/02
IS47GW330602P

06/19/02

IS47GW34
IS47GW340602

06/19/02

IS47GW32
IS47GW320602

06/19/02
IS47GW330602

06/19/02

IS47GW30
IS47GW300602

06/19/02

IS47GW31
IS47GW310602

06/19/02

NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA

90.5 B 5,140 152 B 63.9 B 166 B 116 B 129 B 157 B NA 109 B
1.6 U 3.4 B 2.7 B 1.6 U 1.7 B 1.6 U 6.2 B 4.7 B NA 1.6 U
4.2 U 36.5 4.2 U 4.2 U 4.2 U 4.2 U 5.7 J 4.2 U NA 8.4 J
8.2 B 196 J 4.3 B 104 J 101 J 6.6 B 193 J 11.7 B NA 228

0.58 B 13.4 0.63 B 0.64 B 0.69 B 0.78 B 0.6 B 1 B NA 2.3 B
0.3 U 0.3 U 0.3 U 0.3 U 0.3 U 0.3 U 0.3 U 0.81 B NA 0.3 U
932 J 8,550 1,420 J 3,600 J 3,470 J 2,140 J 8,280 3,080 J NA 13,300
0.5 U 3.9 B 0.5 U 0.5 U 0.5 U 0.5 U 1.1 B 0.5 U NA 0.66 B
3.2 B 428 8.9 J 0.6 U 0.78 B 10.5 J 32.3 J 24.5 J NA 288
0.7 UL 0.7 UL 0.7 UL 0.7 UL 0.7 UL 0.7 UL 1.3 L 0.7 UL NA 0.7 UL
398 62,600 619 19,700 19,000 517 20,200 5,980 NA 53,700
1.3 U 1.3 U 1.3 U 1.3 U 1.3 U 1.4 B 1.3 U 1.3 U NA 1.3 U
420 J 13,700 1,080 J 3,900 J 3,720 J 1,380 J 9,450 2,410 J NA 15,600

19.1 B 602 76.3 B 548 537 79 B 400 184 NA 731
0.1 J 0.12 J 0.11 B 0.1 J 0.11 J 0.11 0.1 U 0.11 J NA 0.1 J
4.9 B 264 10.2 B 2 B 2 B 8 B 25.6 J 19.9 J NA 126
488 J 4,030 J 810 J 6,410 J 6,140 J 835 J 8,990 J 1,790 J NA 9,210 J
2.2 U 2.2 U 2.2 U 2.2 U 2.2 U 2.2 U 2.2 U 2.2 U NA 2.3 J
0.7 U 0.7 U 0.7 U 0.7 U 0.7 U 0.7 U 0.7 U 0.7 U NA 0.7 U

22,100 B 39,700 26,300 B 23,500 B 22,800 B 17,900 B 51,200 39,400 NA 50,700
3.3 U 8 J 3.3 U 3.5 J 3.3 U 3.3 U 4.3 J 3.3 U NA 6.7 J
0.5 U 115 0.73 B 0.77 B 1.8 B 0.5 U 2.4 B 0.56 B NA 1.6 B
9.9 L 522 19.9 L 6.1 L 16.9 L 24.8 31.5 72.7 NA 119



Table A-2
Complete Analytical Results of Direct Push Points

Site 47, Feasibility Study
NSF-IH, Indian Head, Maryland  

Station ID
Sample ID
Sample Date
Depth Interval  (Feet)
Chemical Name

Dissolved Metals (UG/L)
Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Calcium
Chromium
Cobalt
Copper
Iron
Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Selenium
Silver
Sodium
Thallium
Vanadium
Zinc

NA NA NA NANA NA NA NANA NA

IS47GW33
IS47GW360602P

06/19/02

IS47GW37
IS47GW370602

06/19/02

IS47GW36IS47GW35
IS47GW350602

06/19/02
IS47GW360602

06/19/02
IS47GW330602P

06/19/02

IS47GW34
IS47GW340602

06/19/02

IS47GW32
IS47GW320602

06/19/02
IS47GW330602

06/19/02

IS47GW30
IS47GW300602

06/19/02

IS47GW31
IS47GW310602

06/19/02

64.9 B 4,880 82.3 B 39 B 30 B 59 B 67.6 B 96.4 B NA 81.5 B
1.6 U 2.3 B 1.8 B 1.6 U 1.6 U 3 B 2.6 B 1.6 U NA 4.4 B
4.2 U 37.7 4.2 U 4.2 U 4.2 U 4.2 U 4.2 U 4.2 U NA 9.1 J
7.7 B 207 3.7 B 99 J 98.9 J 5.6 B 178 J 11.6 B NA 215

0.69 B 13.5 0.68 B 0.54 B 0.37 B 0.26 B 1.1 B 0.4 B NA 1.7 B
0.3 U 0.3 U 0.3 B 0.3 U 0.3 U 0.3 U 0.3 U 0.79 B NA 0.3 U
683 J 8,730 1,410 J 3,450 J 3,420 J 2,240 J 7,440 2,980 J NA 13,100
0.5 U 4.1 B 0.5 U 0.5 U 0.5 U 0.5 U 0.64 B 0.5 U NA 0.5 U
2.4 B 440 8.9 J 0.6 U 0.62 B 11 J 27.2 J 24.2 J NA 297
0.7 UL 0.7 UL 0.7 UL 0.7 UL 0.7 UL 0.78 B 0.7 UL 0.95 B NA 0.71 B

1,250 B 65,100 555 B 19,200 18,500 565 B 18,600 5,780 NA 53,200
1.3 U 1.3 U 1.3 U 1.3 U 1.3 U 1.3 U 1.3 U 1.3 U NA 1.3 U
273 B 14,200 1,060 J 3,810 J 3,710 J 1,450 J 8,730 2,350 J NA 15,300

32.8 B 634 76.8 B 557 546 88.4 B 366 194 NA 745
0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 J 0.1 U 0.1 U NA 0.1 U
6.3 B 272 8.8 B 1.3 B 1.5 B 8.1 B 16.8 J 19.7 J NA 120
741 B 4,440 J 839 B 6,320 J 6,240 J 852 B 8,890 J 1,780 J NA 8,800 J
2.2 U 2.2 U 2.2 U 2.2 U 2.2 U 2.2 U 2.2 U 2.3 J NA 2.2 U
0.7 U 0.7 U 0.7 U 0.7 U 0.7 U 0.7 U 0.7 U 0.7 U NA 0.7 U

21,600 B 40,800 24,600 B 23,900 B 24,000 B 16,200 B 46,200 33,900 NA 53,000
3.3 UL 9.1 L 3.3 UL 4.4 L 3.3 UL 3.3 UL 4.4 L 3.5 L NA 5.8 L
0.5 U 114 0.5 U 0.5 U 0.54 B 0.5 U 1.8 B 0.5 U NA 1.2 B

13.1 B 566 20.6 B 10.6 B 19.2 B 28.9 B 28.4 B 74 B NA 132



Table A-2
Complete Analytical Results of Direct Push Points

Site 47, Feasibility Study
NSF-IH, Indian Head, Maryland  

Station ID
Sample ID
Sample Date
Depth Interval  (Feet)
Chemical Name

Volatile Organic Compounds (UG/L)
1,1,1-Trichloroethane
1,1,2,2-Tetrachloroethane
1,1,2-Trichloro-1,2,2-trifluoroethane(Freon
1,1,2-Trichloroethane
1,1-Dichloroethane
1,1-Dichloroethene
1,2,3-Trichlorobenzene
1,2,4-Trichlorobenzene
1,2,4-Trimethylbenzene
1,2-Dibromo-3-chloropropane
1,2-Dibromoethane
1,2-Dichlorobenzene
1,2-Dichloroethane
1,2-Dichloropropane
1,3,5-Trimethylbenzene
1,3-Dichlorobenzene
1,3-Dichloropropane
1,4-Dichlorobenzene
2-Butanone
2-Hexanone
4-Methyl-2-pentanone
Acetone
Benzene
Bromodichloromethane
Bromoform
Bromomethane
Carbon disulfide
Carbon tetrachloride
Chlorobenzene
Chloroethane
Chloroform
Chloromethane
Cumene
Cyclohexane
Dibromochloromethane
Dichlorodifluoromethane(Freon-12)
Ethylbenzene
Hexachlorobutadiene
Methyl acetate
Methyl-tert-butyl ether (MTBE)
Methylcyclohexane
Methylene chloride
Naphthalene
Styrene
Tetrachloroethene
Toluene
Trichloroethene
Trichlorofluoromethane(Freon-11)
Vinyl chloride
cis-1,2-Dichloroethene
cis-1,3-Dichloropropene
m- and p-Xylene
n-Butylbenzene
n-Propylbenzene

2 U 2 U 2 U 2 U 2 U 1 U 1 U 1 U 6.3 2 U 2 U
NA NA NA NA NA 1 U 1.2 1.1 0.5 J NA NA
NA NA NA NA NA NA NA NA NA NA NA

2 U 2 2 U 2 U 2 U 1 U 3.4 3.4 0.3 J 2 U 2 U
2 U 2 U 2 U 2 U 2 U 1 U 168 J 1 U 1.2 2 U 2 U
2 U 14 2 U 2 U 2 U 1 U 743 J 1 U 3.3 2 U 1 J
3 U 3 U 3 U 3 U 3 U NA NA NA NA 3 U 3 U
3 U 3 U 3 U 3 U 3 U 1 U 1 U 1 U 1 U 3 U 3 U
2 U 2 U 2 U 2 U 2 U NA NA NA NA 2 U 2 U

NA NA NA NA NA 1 U 6.6 1 U 1 U NA NA
2 U 2 U 2 U 2 U 2 U 1 U 1 U 1 U 1 U 2 U 2 U
2 U 2 U 2 U 2 U 2 U 1 U 1 U 1 U 1 U 2 U 2 U
3 U 3 U 3 U 25 3 U 1 U 716 J 1 U 1 U 17 124 D
2 U 2 U 2 U 2 U 2 U 1 U 1.3 1 U 1 U 2 U 2 U
2 U 2 U 2 U 2 U 2 U NA NA NA NA 2 U 2 U
2 U 2 U 2 U 2 U 2 U 1 U 1 U 1 U 1 U 2 U 2 U
3 U 3 U 3 U 3 U 3 U NA NA NA NA 3 U 3 U
2 U 2 U 2 U 2 U 2 U 1 U 1 U 1 U 1 U 2 U 2 U

NA NA NA NA NA 5 R 5 R 5 R 5 R NA NA
NA NA NA NA NA 5 U 2.1 J 5 U 5 UJ NA NA
NA NA NA NA NA 5 U 10.8 5 U 5 UJ NA NA
NA NA NA NA NA 5 R 6,064 L 5 R 13.5 L NA NA

2 U 2 U 2 U 2 U 2 U 1 U 1 U 1 U 1 U 2 U 2 U
2 U 1 J 2 U 2 U 2 U 1 U 4.3 1 U 0.9 J 2 U 2 U
2 U 2 U 1 B 2 U 1 B 1 U 1 U 1 U 1 U 2 U 2 U
2 U 2 U 2 U 2 U 2 U 1 U 937 J 1 U 1 U 2 U 2 U

NA NA NA NA NA 0.6 B 6,620 L 1 U 777 NA NA
2,300 D 250,000 DE 15 2 U 2 U 87.5 L 286,340 L 270,710 L 6,483 L 2 U 2 U

2 U 2 U 2 U 2 U 2 U 1 U 1 U 1 U 1 U 2 U 2 U
2 U 2 U 2 U 2 U 2 U 1 U 26.2 J 1 U 1 U 2 U 2 U

2,000 D 91,000 DE 5 2 U 2 U 20.8 B 57,570 L 1 U 6,063 L 2 U 2 U
2 U 2 U 2 U 2 U 2 U 1 U 59,259 J 1 U 1 U 2 U 2 U
2 U 2 U 2 U 2 U 2 U NA NA NA NA 2 U 2 U

NA NA NA NA NA NA NA NA NA NA NA
9 2 U 2 U 2 U 2 U 1 U 86.6 J 1 U 1 U 2 U 2 U
2 U 8 2 U 2 U 2 U NA NA NA NA 2 U 2 U
2 U 2 U 2 U 2 U 2 U 1 U 1 U 1 U 1 U 2 U 2 U
2 U 2 U 2 U 2 U 2 U NA NA NA NA 2 U 2 U

NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA

2 2,000 DJ 2 U 2 U 2 U 0.9 B 1,660 B 2 U 259 B 2 U 2 U
3 U 3 U 3 U 3 U 3 U 11 U 11 U 11 U 11 U 3 U 3 U
2 U 2 U 2 U 2 U 2 U 1 U 1 U 1 U 1 U 2 U 2 U

10 20 2 U 2 U 2 U 2.9 116 J 116 J 290 L 2 U 2 U
2 U 49 2 U 3 2 U 1 U 233 J 237 J 26.8 R 2 U 2 U
2 U 2 U 2 U 2 U 2 U 1 J 0.4 J 1 U 339 7 75 D
2 U 2 U 2 U 2 U 2 U NA NA NA NA 2 U 2 U
2 U 2 U 2 U 2 U 2 U 1 U 28.2 J 1 U 1 U 2 U 2 U
2 U 21 2 U 2 U 2 U 0.7 J 1,452 J 1 U 12.4 2 U 32
2 U 2 U 2 U 2 U 2 U 1 U 1 U 1 U 1 U 2 U 2 U
4 U 4 U 4 U 4 U 4 U NA NA NA NA 4 U 4 U
2 U 2 U 2 U 2 U 2 U NA NA NA NA 2 U 2 U
2 U 2 U 2 U 2 U 2 U NA NA NA NA 2 U 2 U

6 to 16 NA NANA NA 8 to 18NA NA NA NA
07/13/99

RI47GW14
RI47GW14
10/29/01

RI47GW13
RI47GW13
10/29/01

RI47GW03
07/13/99

RI47GW99
07/13/99

IS47MW03 IS47MW04
RI47GW04

IS47GW42
IS47GW420602

06/28/02

IS47MW02
RI47GW02
07/13/99

IS47GW40
IS47GW400602

06/20/02

IS47GW41
IS47GW410602

06/26/02

IS47GW38
IS47GW380602

06/20/02

IS47GW39
IS47GW390602

06/20/02



Table A-2
Complete Analytical Results of Direct Push Points

Site 47, Feasibility Study
NSF-IH, Indian Head, Maryland  

Station ID
Sample ID
Sample Date
Depth Interval  (Feet)
Chemical Name
o-Xylene
p-Isopropyltoluene
sec-Butylbenzene
tert-Butylbenzene
trans-1,2-Dichloroethene
trans-1,3-Dichloropropene

Semi-volatile Organic Compounds (UG/
2,4,5-Trichlorophenol
2,4,6-Trichlorophenol
2,4-Dichlorophenol
2,4-Dimethylphenol
2,4-Dinitrophenol
2-Chloronaphthalene
2-Chlorophenol
2-Methylnaphthalene
2-Methylphenol
2-Nitroaniline
2-Nitrophenol
3,3'-Dichlorobenzidine
3-Nitroaniline
4,6-Dinitro-2-methylphenol
4-Bromophenyl-phenylether
4-Chloro-3-methylphenol
4-Chloroaniline
4-Chlorophenyl-phenylether
4-Methylphenol
4-Nitroaniline
4-Nitrophenol
Acenaphthene
Acenaphthylene
Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(g,h,i)perylene
Benzo(k)fluoranthene
Bis(2-chloro-1-methylethyl) ether
Butylbenzylphthalate
Carbazole
Chrysene
Di-n-butylphthalate
Di-n-octylphthalate
Dibenz(a,h)anthracene
Dibenzofuran
Diethylphthalate
Dimethyl phthalate
Fluoranthene
Fluorene
Hexachlorobenzene
Hexachlorobutadiene
Hexachlorocyclopentadiene
Hexachloroethane
Indeno(1,2,3-cd)pyrene
Isophorone
Pentachlorophenol

6 to 16 NA NANA NA 8 to 18NA NA NA NA
07/13/99

RI47GW14
RI47GW14
10/29/01

RI47GW13
RI47GW13
10/29/01

RI47GW03
07/13/99

RI47GW99
07/13/99

IS47MW03 IS47MW04
RI47GW04

IS47GW42
IS47GW420602

06/28/02

IS47MW02
RI47GW02
07/13/99

IS47GW40
IS47GW400602

06/20/02

IS47GW41
IS47GW410602

06/26/02

IS47GW38
IS47GW380602

06/20/02

IS47GW39
IS47GW390602

06/20/02

2 U 2 U 2 U 2 U 2 U NA NA NA NA 2 U 2 U
2 U 2 U 2 U 2 U 2 U NA NA NA NA 2 U 2 U
2 U 2 U 2 U 2 U 2 U NA NA NA NA 2 U 2 U
2 U 2 U 2 U 2 U 2 U NA NA NA NA 2 U 2 U
2 U 2 U 2 U 2 U 2 U 1 U 382 J 1 U 1.7 2 U 1 J
2 U 2 U 2 U 2 U 2 U 1 U 4.8 1 U 1 U 2 U 2 U

NA NA NA NA NA 27 U 28 U 28 U 29 U NA NA
NA NA NA NA NA 11 U 11 U 11 U 11 U NA NA
NA NA NA NA NA 11 U 11 U 11 U 11 U NA NA
NA NA NA NA NA 11 U 11 U 11 U 11 U NA NA
NA NA NA NA NA 27 U 28 U 28 U 29 U NA NA
NA NA NA NA NA 11 U 11 U 11 U 11 U NA NA
NA NA NA NA NA 11 U 11 U 11 U 11 U NA NA
NA NA NA NA NA 11 U 11 U 11 U 11 U NA NA
NA NA NA NA NA 11 U 11 U 11 U 11 U NA NA
NA NA NA NA NA 27 U 28 U 28 U 29 U NA NA
NA NA NA NA NA 11 U 11 U 11 U 11 U NA NA
NA NA NA NA NA 11 U 11 U 11 U 11 U NA NA
NA NA NA NA NA 27 U 28 U 28 U 29 U NA NA
NA NA NA NA NA 27 U 28 U 28 U 29 U NA NA
NA NA NA NA NA 11 U 11 U 11 U 11 U NA NA
NA NA NA NA NA 11 U 11 U 11 U 11 U NA NA
NA NA NA NA NA 11 U 11 U 11 U 11 U NA NA
NA NA NA NA NA 11 U 11 U 11 U 11 U NA NA
NA NA NA NA NA 11 U 11 U 11 U 11 U NA NA
NA NA NA NA NA 27 U 28 U 28 U 29 U NA NA
NA NA NA NA NA 27 U 28 U 28 U 29 U NA NA
NA NA NA NA NA 11 U 11 U 11 U 11 U NA NA
NA NA NA NA NA 11 U 11 U 11 U 11 U NA NA
NA NA NA NA NA 11 U 11 U 11 U 11 U NA NA
NA NA NA NA NA 11 U 11 U 11 U 11 U NA NA
NA NA NA NA NA 11 U 11 U 11 U 11 U NA NA
NA NA NA NA NA 11 U 11 U 11 U 11 U NA NA
NA NA NA NA NA 11 U 11 U 11 U 11 U NA NA
NA NA NA NA NA 11 U 11 U 11 U 11 U NA NA
NA NA NA NA NA 11 U 11 U 11 U 11 U NA NA
NA NA NA NA NA 11 U 11 U 11 U 11 U NA NA
NA NA NA NA NA 11 U 11 U 11 U 11 U NA NA
NA NA NA NA NA 11 U 11 U 11 U 11 U NA NA
NA NA NA NA NA 11 U 3 B 2 B 8 B NA NA
NA NA NA NA NA 11 U 11 U 11 U 11 U NA NA
NA NA NA NA NA 11 U 11 U 11 U 11 U NA NA
NA NA NA NA NA 11 U 11 U 11 U 11 U NA NA
NA NA NA NA NA 11 U 2 J 2 J 11 U NA NA
NA NA NA NA NA 11 U 3 J 3 J 11 U NA NA
NA NA NA NA NA 11 U 11 U 11 U 11 U NA NA
NA NA NA NA NA 11 U 11 U 11 U 11 U NA NA
NA NA NA NA NA 11 U 11 U 11 U 11 U NA NA
NA NA NA NA NA 11 U 11 U 11 U 11 U NA NA
NA NA NA NA NA 11 U 11 U 11 U 11 U NA NA
NA NA NA NA NA 11 U 58 54 11 U NA NA
NA NA NA NA NA 11 U 11 U 11 U 11 U NA NA
NA NA NA NA NA 11 U 11 U 11 U 11 U NA NA
NA NA NA NA NA 27 U 4 J 3 J 29 U NA NA



Table A-2
Complete Analytical Results of Direct Push Points

Site 47, Feasibility Study
NSF-IH, Indian Head, Maryland  

Station ID
Sample ID
Sample Date
Depth Interval  (Feet)
Chemical Name
Phenanthrene
Phenol
Pyrene
bis(2-Chloroethoxy)methane
bis(2-Chloroethyl)ether
bis(2-Ethylhexyl)phthalate
n-Nitroso-di-n-propylamine
n-Nitrosodiphenylamine
Bromochloromethane
Xylene, total

Explosives (UG/L)
1,3,5-Trinitrobenzene
1,3-Dinitrobenzene
2,4,6-Trinitrotoluene
2,4-Dinitrotoluene
2,6-Dinitrotoluene
2-Amino-4,6-dinitrotoluene
2-Nitrotoluene
3-Nitrotoluene
4-Amino-2,6-dinitrotoluene
4-Nitrotoluene
HMX
Nitrobenzene
Nitrocellulose
Nitroglycerin
Nitroguanidine
PETN
Perchlorate
RDX
Tetryl

Total Metals (UG/L)
Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Calcium
Chromium
Cobalt
Copper
Iron
Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Selenium
Silver
Sodium
Thallium
Vanadium
Zinc

6 to 16 NA NANA NA 8 to 18NA NA NA NA
07/13/99

RI47GW14
RI47GW14
10/29/01

RI47GW13
RI47GW13
10/29/01

RI47GW03
07/13/99

RI47GW99
07/13/99

IS47MW03 IS47MW04
RI47GW04

IS47GW42
IS47GW420602

06/28/02

IS47MW02
RI47GW02
07/13/99

IS47GW40
IS47GW400602

06/20/02

IS47GW41
IS47GW410602

06/26/02

IS47GW38
IS47GW380602

06/20/02

IS47GW39
IS47GW390602

06/20/02

NA NA NA NA NA 11 U 11 U 11 U 11 U NA NA
NA NA NA NA NA 11 U 13 12 21 NA NA
NA NA NA NA NA 11 U 11 U 11 U 11 U NA NA
NA NA NA NA NA 11 U 11 U 11 U 11 U NA NA
NA NA NA NA NA 11 U 11 U 11 U 11 U NA NA
NA NA NA NA NA 11 U 1 B 11 U 6 B NA NA
NA NA NA NA NA 11 U 11 U 11 U 11 U NA NA
NA NA NA NA NA 11 U 11 U 11 U 11 U NA NA
NA NA NA NA NA 1 U 1 U 1 U 1 U NA NA
NA NA NA NA NA 1 U 0.3 J 1 U 1 U NA NA

NA NA NA NA NA 1.2 U 1.2 U 1.2 U 1.2 U NA NA
NA NA NA NA NA 1.2 U 1.2 U 1.2 U 1.2 U NA NA
NA NA NA NA NA 1.2 U 1.2 U 1.2 U 1.2 U NA NA
NA NA NA NA NA 1.2 U 1.2 U 1.2 U 1.2 U NA NA
NA NA NA NA NA 1.2 U 1.2 U 1.2 U 1.2 U NA NA
NA NA NA NA NA 1.2 U 1.2 U 1.2 U 1.2 U NA NA
NA NA NA NA NA 2.6 U 2.6 U 2.6 U 2.6 U NA NA
NA NA NA NA NA 2.6 U 2.6 U 2.6 U 2.6 U NA NA
NA NA NA NA NA 1.2 U 1.2 U 1.2 U 1.2 U NA NA
NA NA NA NA NA 2.6 U 2.6 U 2.6 U 2.6 U NA NA
NA NA NA NA NA 2.6 U 2.6 U 2.6 U 2.6 U NA NA
NA NA NA NA NA 1.2 U 1.2 U 1.2 U 1.2 U NA NA
NA NA NA NA NA 180 U 180 U 180 U 180 U NA NA
NA NA NA NA NA 2,000 U 2,000 U 2,000 U 2,000 U NA NA
NA NA NA NA NA 5 U 37.4 25.3 5 U NA NA
NA NA NA NA NA 0.6 U 0.6 U 0.6 U 0.6 U NA NA
NA NA NA NA NA 5 U 5 U 5 U 5 U NA NA
NA NA NA NA NA 2.6 U 2.6 U 2.6 U 2.6 U NA NA
NA NA NA NA NA 2.6 U 2.6 U 2.6 U 2.6 U NA NA

116 B 16,400 NA NA NA 1,100 27,100 25,400 2,660 NA NA
3.5 B 1.9 B NA NA NA 2.7 U 2.7 U 2.7 U 2.7 U NA NA
4.2 U 15.1 NA NA NA 3.7 B 108 100 104 NA NA

5 B 170 J NA NA NA 55.9 J 335 312 163 J NA NA
0.82 B 15 NA NA NA 0.28 J 14.5 13.8 4.1 J NA NA
0.3 U 2.8 J NA NA NA 0.66 J 5.6 5.3 0.69 J NA NA

1,410 J 7,770 NA NA NA 36,400 7,630 7,140 3,570 J NA NA
0.5 U 15.3 B NA NA NA 13.2 14.9 14.3 28.4 NA NA

14.3 J 279 NA NA NA 6.6 B 282 267 100 NA NA
0.7 UL 0.7 UL NA NA NA 12.5 J 38.9 34.6 5.3 B NA NA
674 76,600 NA NA NA 1,070 99,300 94,300 36,000 NA NA
1.3 U 6.1 B NA NA NA 12.7 35 33.8 8.3 NA NA

1,600 J 16,100 NA NA NA 10,300 17,300 16,400 4,140 J NA NA
172 697 NA NA NA 45.5 869 823 350 NA NA

0.11 J 0.11 J NA NA NA 0.28 0.1 U 0.1 U 0.1 U NA NA
8.7 B 245 NA NA NA 8.4 J 249 234 86.3 NA NA
890 J 4,360 J NA NA NA 3,470 J 3,160 J 2,910 J 2,660 J NA NA
2.2 U 2.2 U NA NA NA 2.6 U 2.6 U 2.6 U 2.6 U NA NA
0.7 U 0.7 U NA NA NA 0.9 U 0.9 U 0.9 U 0.9 U NA NA

8,990 B 38,200 NA NA NA 16,300 51,100 47,700 30,200 NA NA
3.3 U 14 NA NA NA 3.2 U 3.6 J 3.2 U 3.2 U NA NA
0.5 U 332 NA NA NA 15.3 J 326 309 67.1 NA NA

21.1 L 522 NA NA NA 26.2 B 655 619 201 NA NA



Table A-2
Complete Analytical Results of Direct Push Points

Site 47, Feasibility Study
NSF-IH, Indian Head, Maryland  

Station ID
Sample ID
Sample Date
Depth Interval  (Feet)
Chemical Name

Dissolved Metals (UG/L)
Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Calcium
Chromium
Cobalt
Copper
Iron
Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Selenium
Silver
Sodium
Thallium
Vanadium
Zinc

6 to 16 NA NANA NA 8 to 18NA NA NA NA
07/13/99

RI47GW14
RI47GW14
10/29/01

RI47GW13
RI47GW13
10/29/01

RI47GW03
07/13/99

RI47GW99
07/13/99

IS47MW03 IS47MW04
RI47GW04

IS47GW42
IS47GW420602

06/28/02

IS47MW02
RI47GW02
07/13/99

IS47GW40
IS47GW400602

06/20/02

IS47GW41
IS47GW410602

06/26/02

IS47GW38
IS47GW380602

06/20/02

IS47GW39
IS47GW390602

06/20/02

49.1 B 17,900 NA NA NA 118 J 27,000 26,800 1,390 NA NA
2.1 B 1.6 U NA NA NA 2.7 U 2.7 U 2.7 U 2.7 U NA NA
4.2 U 15 NA NA NA 3.7 J 105 106 103 NA NA
4.3 B 185 J NA NA NA 33.4 J 331 330 152 J NA NA
0.2 U 14.9 NA NA NA 0.1 U 14.4 14.5 3.7 J NA NA
0.3 U 3.2 J NA NA NA 0.3 U 5.7 5.7 0.7 J NA NA

1,370 J 8,100 NA NA NA 36,300 8,200 7,530 3,450 J NA NA
0.5 U 17.5 B NA NA NA 4.5 J 15.2 14.4 2.1 J NA NA

14.2 J 292 NA NA NA 3.5 B 279 283 95.6 NA NA
0.79 B 0.7 UL NA NA NA 3.3 B 38.2 37.4 2.9 B NA NA
705 B 80,400 NA NA NA 39.2 J 98,400 99,200 34,500 NA NA
1.3 U 3.8 B NA NA NA 1.4 J 34.4 34.9 5.5 NA NA

1,530 J 17,000 NA NA NA 10,200 17,100 17,300 3,920 J NA NA
172 760 NA NA NA 30.1 868 870 352 NA NA

0.12 J 0.1 U NA NA NA 0.1 U 0.1 U 0.1 U 0.1 U NA NA
9 B 277 NA NA NA 5.4 J 244 246 72.8 NA NA

1,030 B 4,460 J NA NA NA 3,660 J 3,100 J 3,080 J 2,440 J NA NA
2.2 U 2.2 U NA NA NA 2.6 UL 2.6 UL 2.6 UL 2.6 UL NA NA
0.7 U 0.7 U NA NA NA 0.9 U 0.9 U 0.9 U 0.9 U NA NA

9,730 B 41,900 NA NA NA 16,300 50,600 50,700 29,900 NA NA
3.3 UL 10.6 L NA NA NA 3.2 U 3.2 U 3.2 U 3.7 J NA NA
0.5 U 350 NA NA NA 4.3 J 324 327 55.3 NA NA

18.9 B 572 NA NA NA 10.8 B 673 653 180 NA NA
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Appendix B – Pre-FS Investigation Field Efforts 
Summary 

Field efforts for the pre-FS investigation were conducted on July 14 and 15, 2004 for the 
installation of the 3 additional wells (IS47MW16 through IS47MW18) and between July 28 
and 30, 2004 for the groundwater sampling. The field activities included installation of 3 
monitoring wells, collection and analysis of groundwater samples from 8 monitoring wells 
(5 existing and 3 new) for VOCs and natural attenuation parameters, collection and analysis 
of groundwater samples from 4 monitoring wells for cyanide, collection and analysis of 
groundwater samples from 4 monitoring wells for TAL metals, and performance of slug 
tests at 3 wells (2 existing wells and 1 newly installed well). Table B-1 shows the parameters 
sampled during the pre-FS Investigation. 

Monitoring Well Installation 
Three new shallow monitoring wells (IS47MW16 through IS47MW18) were installed by 
Parrott Wolff, Inc. with the oversight by a CH2M HILL geologist on July 14 and 15, 2004. 
The wells were installed in the Atlantic Coastal Plain soils at a depth of approximately 12 to 
13 feet below ground surface (bgs) (Figure 1-4). The 3 wells were installed to provide a 
broader network of monitoring wells for sampling. 

Drilling was performed using 4.25-inch (in.) inside-diameter hollow stem auger (HSA). 
Cuttings were brought to the surface by the augers as they rotated, and then shoveled into 
labeled 55-gallon drums during drilling.  

Two-foot split-spoon samples were collected at approximately 3 to 8 ft bgs to confirm depth 
of the water table.  

The monitoring wells were constructed with a conventional 2-in. internal diameter (ID) well 
Schedule 40 polyvinyl chloride (PVC) well with a 10-ft, 0.010-in. slotted screen with annular 
space filled using a sandsize filter pack Morie #2 Sand to the level of the water table. The 
screen was connected to an appropriate length of PVC riser. Screen installation was 
followed by installation of hydrated bentonite pellet seal immediately above the filter pack. 
Each wellhead was finished with a 3 ft high stainless steel casing and a 4 x 4 concrete pad. 

Down-hole drilling equipment (e.g. augers, rods, split-spoons, etc) was decontaminated 
between borings using a portable high-pressure steam generator. A decontamination pad 
was constructed to contain rinsate as it was generated. 

Each monitoring well was developed upon completion to remove fine-grained material 
from the screen interval of the well. Approximately 10 to 45 gallons of water was purged 
from each well until, through visual inspection, the water was clear of fine-grained 
materials. All three wells went dry several times during development. Purge water from 
well development and decontaminated rinsate were contained in 55-gallon metal drums. 
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Soil Sample for Soil Oxidant Demand Test 
A soil sample was collected at IS47MW16 above the water table (3 to 4 ft bgs) for a soil 
oxidant demand. Groundwater was collected using a peristaltic pump and disposable 
tubing once the well was developed to be used for the test process.   

The test estimates the amount of naturally-occurring organic matter and reduced mineral 
species that consume oxidants. This information will be used for the evaluation of in situ 
chemical oxidation remedies to estimate the amount of reagent required. 

Groundwater Sampling 
Groundwater samples were collected from eleven monitoring wells using a low flow 
purging method. Each well was purged with a Grundfos pump at a discharge rate of 
approximately 0.1 to 0.5 liters per minute. During well purging, field indicator parameters 
were measured using a Horiba U-22® fitted with a flow-through cell. The field parameters 
include pH, specific conductivity, turbidity, temperature, and oxidation-reduction potential 
(ORP). Purging was considered complete when all parameters had stabilized (variations 
within 10 percent, pH +/- 0.2 units) for three consecutive readings taken at 3 to 5 minute 
intervals.  

All wells, except for IS47MW06, IS47MW07, and IS47MW09 were sampled for dissolved 
gases, total organic carbon (TOC), nitrate, nitrite, sulfite, chloride, alkalinity, total dissolved 
solids (TDS), total sulfide, and TCL VOC (IS47MW08 was not analyzed for VOCs).  Wells 
IS47MW03 through IS47MW05 and IS47MW08 were analyzed for total and dissolved 
metals. Wells IS47MW03, IS47MW06, IS47MW07, and IS47MW09 were analyzed for cyanide. 
Hach® kits were used in the field to analyze for ferrous iron (Fe2+) and dissolved oxygen 
(DO) at eight of the wells. The appropriate number of field quality assurance/ quality 
control (QA/QC) samples, including field blanks, equipment blanks, and duplicates, were 
collected and analyzed. Table 2-2 shows the samples collected and the associated analysis 
performed on each sample during the pre-FS investigation.   

Slug Test 
Slug tests were performed in monitoring wells IS47MW05, IS47MW08, and IS47MW18 to 
estimate the hydraulic conductivity of the silty sand.  The slug tests were performed using a 
MiniTroll© transducer connected to a laptop computer running WinSitu 2000© version 3.71.  
The hydraulic conductivities were calculated using the Bouwer-Rice solution for unconfined 
aquifers in the Aqtesolv software package version 3.50.  The slug test results were used to 
estimate the hydraulic conductivity of the shallow aquifer, which is further discussed in 
Section 1.5.2. 

IDW 
Investigation-derived waste (IDW), which consisted of purge groundwater and 
decontamination water from the sampling event, was containerized in the 55-gallon drums.  
At the end of the investigation a total of 7 drums of IDW was generated, consisting of 2 
drums of soil IDW and 5 drums of water IDW.  These drums were temporarily stored on 
base.  On November 5, 2005, Industrial Marine Services, Inc. removed all drums for off-site 
disposal. 
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TABLE B-1 
Groundwater Sampling during pre-FS Investigation 
Site 47 Feasibility Study, NDW Indian Head, Maryland 
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IS47MW03 X X X X X X X X X X X X 

IS47MW04 X X X X X X X X X  X X 

IS47MW05 X X X X X X X X X  X X 

IS47MW06          X X  

IS47MW07          X X  

IS47MW08 X X  X X X X X X  X X 

IS47MW09          X X  

IS47MW10 X X X X X X X    X X 

IS47MW16 (New) X X X X X X X    X X 

IS47MW17 (New) X X X X X X X    X X 

IS47MW18 (New) X X X X X X X    X X 

 
 

                                                      
1 ORP, conductivity, pH, turbidity, and temperature. 
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APPENDIX D-1 

Baseline Human Health Risk Assessment and 
PRGs Calculation 

Introduction 
This section presents the human health risk assessment for groundwater at Indian Head, 
Site 47. This addendum updates the baseline human health risk assessment (HHRA) 
presented in the Final Remedial Investigation Report – Site 47 Mercuric Nitrate Disposal Area 
(CH2M HILL, 2003). The baseline HHRA submitted in the Final Remedial Investigation (RI) 
report included analysis of groundwater samples collected using direct push methods. 
Groundwater collected via direct push does not meet the data quality objectives for HHRA, 
and therefore, should not be evaluated quantitatively in a baseline HHRA. Since the 
baseline HHRA included analytical results from direct push groundwater samples, the 
baseline HHRA presented in the Final RI does not accurately characterize potential current 
and future human health risks associated with contact with groundwater. This addendum 
only impacts the baseline HHRA as it relates to groundwater; the baseline HHRA analysis 
and conclusion regarding surface soil, combined surface and subsurface soil, sediment, 
surface water, and concrete are not impacted by this HHRA addendum. 

This addendum to the baseline HHRA has been prepared utilizing the same assumptions 
and exposure pathways that were evaluated in the baseline HHRA (CH2M HILL, December 
2003). The risk assessment incorporates the general methodology described in Risk 
Assessment Guidance for Superfund, Volume 1, Human Health Evaluation Manual, Part A 
(USEPA, December 1989) and Part D (USEPA, December 2001), and USEPA Region III 
Technical Guidance Manuals for Risk Assessment (USEPA, 1992; 1993). Updated 
methodologies were applied when they were available so this HHRA addendum reflects the 
most current scientific principles.  

Scope of the Human Health Risk Assessment Addendum 

This HHRA addendum for Site 47 is comprised of the following components: 

• Identification of Chemicals of Potential Concern (COPCs)—identifies and 
characterizes the distribution of COPCs found onsite. Constituents identified in this 
screening are the focus of the subsequent evaluation in the risk assessment.  

• Exposure Assessment—identifies potential pathways by which exposure could occur, 
characterizes the potentially exposed populations (e.g., workers, residents) and 
estimates the magnitude, frequency, and duration of exposures. 

• Toxicity Assessment—identifies the types of adverse health effects associated with 
exposure to COPCs along with available toxicity factors (e.g., cancer slope factors and 
reference dose values). 
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• Risk Characterization—integrates the results of the exposure assessment and toxicity 
assessment to estimate the potential risks to human health. Both cancer and noncancer 
human health effects are evaluated. Pathways that pose an unacceptable risk based on 
quantitative risk characterization are identified. 

• Uncertainty Assessment—identifies sources of uncertainty associated with the data, 
methodology, and the values used in the risk assessment estimation. 

Data Summary 

Data used in this HHRA addendum were collected during three investigations. Ten 
groundwater samples were collected in 2001 and analyzed for VOCs, SVOCs, explosives, 
total metals, filtered metals, and cyanide. Eight additional groundwater samples were 
collected in 2002 and analyzed for selected VOCs. These data, in addition to some direct 
push analytical results, were included in the RI HHRA (CH2M HILL, 2003). Based on the 
results of the RI, eleven additional groundwater samples were collected and analyzed for 
presence of VOCs, total metals, filtered metals, and cyanide in July 2004. These analytical 
results are presented in Attachment 1 and were included in this HHRA addendum. 

All of the data used in the HHRA have been fully validated by a third party and are 
assumed to represent current conditions. Table D-1.1 lists the samples that were used in this 
assessment.  

Identification of Chemicals of Potential Concern 
The identification of COPCs includes data collection, evaluation, and screening steps. The 
data collection and evaluation steps involve gathering and reviewing the available site data 
and identifying a dataset of acceptable quality for the risk assessment. This dataset is then 
further screened against concentrations protective of human health to reduce it to those 
chemicals and media of potential concern. Spreadsheets used to screen for COPCs and to 
calculate estimated exposures and health risks associated with the COPCs are presented in 
the Table 2 series in Appendix D-2.  

Data Evaluation and Selection 

Available data were reviewed to determine their reliability for the quantitative risk 
assessment. The RI presents a detailed discussion of how data that have been qualified were 
evaluated, and additional data handling issues (CH2M HILL, 2003). 

Table D-1.1 lists the groundwater samples that were used in this quantitative evaluation. 
Analytical results for total (unfiltered) inorganic groundwater data were used in the HHRA. 

Selection of Chemicals of Potential Concern 

All detected constituents were screened in accordance with USEPA Region III guidelines 
(USEPA, January 1993) using the steps described below. The COPC selection process was 
conservative to ensure selection of all appropriate constituents. The maximum detected 
concentration of each constituent was compared to a risk-based screening value to select the 
COPCs. If the maximum concentration of a constituent exceeded the screening value, the 
constituent was selected as a COPC and retained for the risk evaluation. The Table 2 series 
in Appendix D-2 present the COPC screening process. 
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Constituents detected in groundwater were selected based on the following procedures: 

• Comparison with Risk-Based Concentrations: The maximum detected chemical 
concentrations in groundwater were compared with the USEPA Region III risk-based 
concentrations (RBCs) for tap water (USEPA, 2004). The screening-level RBCs for 
noncarcinogenic compound were adjusted to reflect a target hazard quotient (HQ) of 0.1. 
The screening-level RBCs for carcinogens are based on a target cancer risk of 1x10-6 and 
were not adjusted from the values presented in the RBC table. 

Surrogate RBCs were used for several constituents when necessary. The surrogates are 
listed on Table 2.1 and 2.2 in Appendix D-2. There are no published dose-response 
values for assessing the risks associated with exposure to lead. Therefore lead was 
screened against the action level provided in the Drinking Water Regulations and 
Health Advisories (USEPA, 2002).  

• Comparison with Recommended Dietary Allowances: Constituents that are essential 
nutrients (calcium, magnesium, potassium, and sodium) were not evaluated in the 
quantitative risk assessment, as they are only toxic at very high doses. Although iron is 
also considered an essential nutrient and is only toxic at very high doses (NAS, 1989; 
Institute of Medicine, 2001), iron was handled the same way as other detected 
constituents in the HHRA because provisional human health-based screening levels are 
available for iron. However, the use of provisional toxicity factors increases the 
uncertainty associated with the quantitative risk evaluation. 

Chemicals of Potential Concern 

The COPCs based on the above screening methodology for soil are listed on Table D-1.2. 
The maximum detected concentrations were screened against health-based levels as shown 
in the screening tables (Table 2 series in Appendix D-2). 

Identification of the Source Area 

The RI documented that the apparent source of groundwater contamination was in the 
vicinity of Building 856 (CH2M HILL, 2003). USEPA Region III guidance on determining 
appropriate exposure concentrations in groundwater (EPA, 1991a) states that it is 
inappropriate to calculate UCLs for constituents in groundwater if hot spots or areas of 
higher constituent concentrations exist. In these instances, the estimated UCL may 
underestimate exposure to receptors in the subarea with higher constituent concentrations. 

 Since the RI concluded that most, if not all, groundwater contamination at the site was near 
Building 856, this area was treated in this addendum as a hot spot. The monitoring wells 
MW-03 and MW-04 were treated as the ‘hot spot’ for Site 47.  

Since a hot spot area was identified, this addendum HHRA includes two assessments. The 
first assessment includes exposure to all the monitoring wells at Site 47, as listed in Table D-
1.1. This assessment is consistent with the manner in which exposure to groundwater was 
treated in the RI (CH2M HILL, 2003). The RI HHRA did not segregate out the apparent 
source area and only calculated exposure to all groundwater across the site. Therefore, the 
first approach in the HHRA addendum follows the same method so comparisons between 
the RI HHRA and this addendum can be made. This will make it easier to compare the 
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difference that removing the direct push groundwater samples and adding the most recent 
round of monitoring well sampling has on the calculated risks.  

The second assessment included in this HHRA addendum excludes the hot spot area from 
the analysis. Since the wells near Building 856 drive the risk, this second assessment 
removes those wells from consideration. This is clearly and impacted area, and performing 
exposure and risk calculations on just these wells will not substantially enhance an 
understanding of potential risks associated with exposure to this groundwater. Therefore, 
the second assessment in this HHRA addendum excludes the two monitoring wells at the 
source area from the dataset. This assessment will help determine if contact with 
groundwater at the rest of Site 47 would be expected to pose a risk. These calculations are 
included to facilitate decisions regarding remediation at the rest of Site 47. In other words, it 
can be used to help determine if remediation at Site 47 can be focused just on the area near 
Building 856, or if remediation at other parts of site would be warranted to protect human 
health. 

Exposure Assessment 

The exposure assessment process was discussed in the RI HHRA (CH2M HILL, 2003). This 
section only discussed the portions of the exposure assessment that were updated for this 
addendum to be consistent with current USEPA guidance. 

Identification of Exposure Pathways 

The exposure pathways are described in detain in Section 8 of the RI and should be referred 
to for details (CH2M HILL, 2003). The same exposure pathways used in the baseline HHRA 
are included in this addendum and are summarized below. 

The receptors and pathways that were evaluated for groundwater include: 

• Current Construction Worker: dermal contact with groundwater and inhalation of 
volatiles in a trench  

• Future Resident Adults: daily ingestion of and dermal contact with groundwater; 
inhalation of volatiles while showering 

• Future Resident Children: daily ingestion of and dermal contact with groundwater  

Quantification of Exposure 

Exposure is quantified by estimating the exposure point concentrations and COPC intake by 
the receptor. Quantitative dose (intake) estimations were performed for the complete 
exposure pathways identified for the future exposure scenarios and routes. The intake 
estimates are based on exposure factors summarized in the Table 4 series in Appendix D-2.  

The exposure factors used in the baseline HHRA were also applied to this assessment with a 
few minor exceptions. When the RI HHRA was completed, RAGS E was in draft form and 
USEPA Region III disagreed with some exposure factors presented in the draft document. 
Therefore, in the RI HHRA, the Region III guidance was followed (USEPA, 2003). However, 
RAGS E has been finalized (USEPA, 2004) and USEPA Region III now endorses the use of 
all exposure factors presented in the guidance. Therefore, the RAGS E exposure factors were 
used in this addendum. 
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Exposure Point Concentrations 

Exposure point concentrations (EPCs) are estimated constituent concentrations that a 
receptor may contact and are specific to each exposure medium.  Both reasonable maximum 
exposure (RME) and central tendency exposure (CTE) EPCs were calculated for the COPCs. 
The RME EPCs were calculated in accordance with USEPA guidance (USEPA, 2002). The 
RME EPCs were calculated as the 95 percent upper confidence limit (95 percent UCL), the 
97.5 percent UCL, or the 99 percent UCL of the arithmetic mean concentration. The 
maximum detected concentration was used as the RME EPC in cases where the UCL was 
greater than the maximum detected concentration. This was the case for several VOCs in 
groundwater due to the elevated concentrations present in some monitoring wells. Table 3s 
in Appendix D-2 present the EPCs and their rationale. 

ProUCL, Version 3.00.02 (USEPA, 2004), was used to calculate the UCLs and determine the 
distribution the data fit. ProUCL was not available when the baseline HHRA was 
completed, therefore it’s application in this HHRA addendum represents an update to the 
RI methodology.  

ProUCL includes three possible data distribution tests: normal distribution, log-normal 
distribution, and gamma distribution. The ProUCL program uses the Shapiro-Wilk W-test 
to determine if the data fit a lognormal or normal distribution when the sample size is less 
than 50. Both the Anderson-Darling and Kolmogorov-Smirnov tests are used to test for 
gamma distribution.  

The distribution that the data fits is then used to select the appropriate UCL calculation 
method. The recommendations outlined in the ProUCL model documentation were used to 
select the appropriate UCL (USEPA, 2004). For data that were determined to fit a normal 
distribution, the student’s t-statistic was used to calculate the 95 percent UCL. For data 
determined to fit a lognormal distribution, either Land’s H-statistic was used to calculate the 
95 percent UCL, or the Chebyshev Theorem using the minimum variance unbiased 
estimates (MVUE) of the population mean was used to calculate the 95 percent UCL, 97.5 
percent UCL, or 99 percent UCL, depending on the population standard deviation and 
sample size of the data set. For data that fit a gamma distribution, the 95 percent UCL based 
on gamma distribution was calculated.  

For data that fit none of these distributions (normal, lognormal, or gamma), non-parametric 
statistical methods were usually used to estimate the UCL. In most cases, the Chebyshev 
Theorem using the sample arithmetic mean and standard deviation was used to calculate 
the 95 percent UCL, 97.5 percent UCL, or 99 percent UCL, depending on the standard 
deviation of the population. However, in cases where ProUCL suggested a different UCL 
calculation method, the ProUCL recommendation was followed.  

The average concentration was used as the CTE EPC. For data that fit a lognormal 
distribution (based on the Shapiro-Wilk W-test), the Minimum Variance Unbiased Estimate 
(MVUE) of the mean was used as the CTE EPC (Gilbert, 1987). For data that fit a normal or 
gamma distribution, or did not fit any of the three distributions tested for, the average of the 
data was used as the CTE EPC.  

The RME EPCs are included in Appendix D-2, Tables 3.1.RME and 3.2.RME and the CTE 
EPCs are included in Tables 3.1.CTE and 3.2.CTE.  
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Estimation of Chemical Intakes for Individual Pathways 

For general information related to COPC intake, refer to the RI HHRA (CH2M HILL, 
December 2003). 

The Table 4 series in Appendix D-2 present the exposure factors used for each receptor. Both 
RME and CTE intakes were included in this evaluation.  As described previously, the 
exposure factors used in this addendum were generally the same as those used in the Final 
RI HHRA.   

Toxicity Assessment 
For general information related to the toxicity assessment, refer to the RI HHRA (CH2M 
HILL, 2003).  

Since submission of the RI, the USEPA has updated its preferred hierarchy of toxicity value 
resources for use in CERCLA risk assessments. The toxicity values applied in this 
addendum reflect the USEPA’s current guidance. Besides this update, the toxicity 
assessment presented in the baseline HHRA provides a comprehensive discussion and 
should be referred to for details (CH2M HILL, 2003). 

The primary source of toxicity values used in this assessment is the USEPA’s Integrated 
Risk Information System (IRIS) database, which contains up-to-date toxicity information for 
numerous chemicals. IRIS includes only noncarcinogenic reference doses (RfDs) and cancer 
slope factors (CSFs) that have been verified by USEPA work groups and is the USEPA’s 
preferred source of toxicity information. In accordance with USEPA guidance (USEPA, 
December 2003), the second tier of toxicity factors is the Provisional Peer Reviewed Toxicity 
Value (PPRTV) database maintained by the USEPA’s National Center for Environmental 
Assessment (NCEA) and the Superfund Health Risk Technical Support Center (STSC). 
Toxicity values from the PPRTV were used for several COPCs, as noted in Tables 5.1, 5.2, 
6.1, and 6.2 in Appendix D-2. If toxicity data are not available from either of these sources, 
the USEPA will consider toxicity values obtained from other USEPA and peer-reviewed 
non-USEPA sources, such as provisional NCEA toxicity values and the USEPA’s Health 
Effects Assessment Summary Tables (HEAST) (USEPA, 1997). The use of provisional 
toxicity values in an HHRA, including those from the PPRTV database, increases the 
uncertainty of the quantitative risk estimate. 

Toxicity Information for Noncarcinogenic Effects 

USEPA-derived oral and inhalation chronic RfDs, and associated UF and MF values, 
available for the COPCs at Site 47 are listed in the Tables 5.1 and 5.2 in Appendix D-2. 

Per USEPA guidance, oral RfDs were adjusted from administered doses to absorbed doses 
for evaluating dermal toxicity. The RfDs were adjusted using oral absorption factors from 
USEPA (USEPA, 2004). The adjusted dermal RfDs are summarized in the Table 5.1 in 
Appendix D-2. 

Toxicity Information for Carcinogenic Effects 

Potential carcinogenic effects are quantified as oral CSFs, inhalation CSFs, or unit risk 
factors that convert estimated exposures directly to incremental lifetime cancer risks. 
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Exposure is averaged over the average adult lifetime of 70 years. The actual risks from 
exposure to a potential carcinogen are not likely to exceed the estimated risks and are 
probably much lower or even zero. USEPA-derived oral and inhalation CSFs are listed in 
Tables 6.1 and 6.2 in Appendix D-2.  

Per USEPA guidance, oral CSFs were adjusted from administered doses to absorbed doses 
for evaluating dermal toxicity. The CSFs were adjusted using oral absorption factors from 
USEPA (USEPA, 2004). The adjusted dermal CSFs are summarized in the Table 6.1 in 
Appendix D-2.  

Special Consideration for Trichloroethene 

The provisional toxicity values used for trichloroethene in this assessment were provided by 
NCEA. NCEA developed these provisional toxicity values subsequent to the withdrawal of 
the trichloroethene CSFs from IRIS in 1989. The NCEA CSFs were the same values that were 
withdrawn from IRIS in 1989 (oral CSF = 1.1x10-2 per mg/kg-day and inhalation CSF = 
6.0x10-3 per mg/kg-day). In 1992, NCEA also recommended a provisional noncarcinogenic 
toxicity value (oral RfD = 6.0x10-3 mg/kg-day).  However, as with all NCEA toxicity values, 
these are considered provisional and are to be periodically reassessed to include up-to-date 
scientific understanding.  

In August 2001, NCEA completed a draft health assessment of the health risks posed by 
trichloroethene. The draft health assessment was made available for public comment and 
includes a disclaimer that it is a preliminary draft and “has not been formally released by 
USEPA and should not at this stage be construed to represent Agency policy. It is being 
circulated for comment on its technical merit and policy implications,” (USEPA, August 
2001). The draft health assessment proposed a provisional oral RfD of 3.0x10-4 mg/kg-day 
based on effects to the liver, kidney, and developing fetuses. A provisional inhalation RfD of 
1.1x10-2 mg/kg-day was also suggested based on critical effects to the central nervous 
system, liver, and endocrine system.  Several cancer slope factors were developed in the 
2001 draft health assessment, with most slope factors falling between 2x10-2 and 4x10-1 per 
mg/kg-day.  

Risk Characterization 
Risk characterization is the process of integrating the previous elements of the risk 
assessment into quantitative and semi-quantitative expressions of risk. The quantification of 
risk is then used as an integral component in remedial decision-making and selection of 
potential remedies or actions. 

Potential human health risks are discussed independently for carcinogenic and 
noncarcinogenic contaminants because of the different toxicological endpoints, relevant 
exposure duration, and methods used to characterize risk. The noncarcinogenic health 
impacts from carcinogens are also assessed. 

Noncarcinogenic Risk Estimation 

Noncarcinogenic health risks are estimated by comparing actual or expected exposure levels 
to threshold concentrations (or RfDs). The expected intake divided by the RfD is equal to the 
hazard quotient (HQ): 
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 Hazard Quotient (HQ) = Intake/RfD 

The intake and RfD are expressed in the same units and represent the same exposure period 
(i.e., chronic or subchronic). The intake and RfD also represent the same exposure route, 
(i.e., inhalation intakes are divided by the inhalation RfD, oral intakes are divided by the 
oral RfD, and dermal in-takes are divided by an adjusted oral RfD). When HQ exceeds unity 
(i.e., exposure exceeds the RfD), a certain degree of health risk is indicated. To assess the 
potential for noncarcinogenic health effects posed by exposure to multiple chemicals a 
hazard index (HI) approach is used (USEPA, 1989). This approach assumes that 
noncarcinogenic hazards associated with exposure to more than one chemical additive. 
Synergistic or antagonistic interactions between chemicals are not accounted for. The HI 
may exceed unity even if all of the individual HQs are less than one. The COPCs may then 
be segregated by similar mechanisms of toxicity and toxicological effects, and separate HIs 
derived based on mechanism and target organs affected. If the HIs for each target organ are 
not above 1.0, it can be assumed there would be no adverse health affects to the receptor. 

The noncarcinogenic hazards associated with each complete exposure pathway are 
calculated in the Table 7 series in Appendix D-2. 

Carcinogenic Risk Estimation 

The potential for carcinogenic effects due to exposure to site-related contamination is 
evaluated by estimating excess lifetime cancer risk. Excess lifetime carcinogenic risk is the 
incremental probability of developing cancer during one’s lifetime above the background 
probability of developing cancer from long-term exposures. For example, the background 
incidence of cancer in the U.S. population is approximately 30 percent (including both lethal 
and non-lethal forms) (ACS, 1993). Therefore, a 2x10-6 excess lifetime carcinogenic risk 
means that an individual’s probability of developing cancer in his or her lifetime changes 
from approximately 0.300000 to 0.300002. Or, expressed another way, for every 1 million 
people exposed to the carcinogen throughout their lifetime, the incidence of cancer may 
increase by two cases.  

For sites where cancer risks are low (i.e., below 0.01), the linear low-dose equation is used to 
estimate the incremental probability of an individual developing cancer over a lifetime as a 
result of exposure to the potential carcinogen. Estimated lifetime carcinogenic risks are 
calculated by multiplying the intake by the CSF. 

 Risk = Intake × CSF 

For instances when COPC intakes and risks are high, the one-hit equation should be used to 
estimate incremental cancer risks:  

Risk = 1 – exp(-CDI x CSF) 

where: 

Risk = unitless probability of an individual developing cancer 

exp = the exponential 

CDI = chronic daily intake averaged over 70 years 
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The combined risk from exposure to multiple constituents at a site was evaluated by adding 
the risks from individual COPCs. Risks were also added across the pathways, if an 
individual would be exposed through multiple pathways. 

The Superfund guidance generally considers a site cancer risk acceptable range to be within 
1 to 100 in a million (10-6 to 10-4). Generally, remedial actions are not warranted at sites with 
risks below 10-4 or HI less than one (USEPA, April 1991). If the cumulative risk is less than 
10-4, action generally is not required, but may be warranted if a risk-based chemical-specific 
standard (for example, maximum contaminant level (MCL)) is exceeded.  

Risk Characterization 
The results of the updated risk characterization for groundwater are presented below. Table 
4 summarizes the RME risks and hazards for and Table 5 summarizes the CTE risks and 
hazards.  

Adult Resident – Site 47 

The cumulative RME noncarcinogenic hazard for the future adult resident (6,500) was 
greater than the USEPA’s target HI of one (Table 9.1.RME, Appendix D-2). Since the RME 
HI was greater than the USEPA target HI, a CTE evaluation was performed. The cumulative 
CTE noncarcinogenic hazard for the future adult resident (980) was greater than the 
USEPA’s target HI of one (Table 9.1.CTE, Appendix D-2). The hazards are driven by 
exposure to VOCs (carbon tetrachloride, chloroform, 1,2-dichlororethane, and 
tetrachloroethene) and cyanide. 

Child Resident – Site 47 

The cumulative RME noncarcinogenic hazard for the future child resident (4,200) was 
greater than the USEPA’s target HI of one (Table 9.2.RME, Appendix D-2). Since the RME 
HI was greater than the USEPA target HI, a CTE evaluation was performed. The cumulative 
CTE noncarcinogenic hazard for the future child resident (630) was greater than the 
USEPA’s target HI of one (Table 9.2.CTE, Appendix D-2). Both the RME and CTE hazards 
are driven by exposure to VOCs (carbon tetrachloride, chloroform, and tetrachloroethene) 
and inorganics (arsenic, cyanide, iron, thallium, and vanadium). 

Lifetime Resident – Site 47 

The cumulative RME carcinogenic risk for the future lifetime resident (2x10-1) was greater 
than the USEPA’s target range of 1x10-4 to 1x10-6 (Table 9.3.RME, Appendix D-2). Since the 
risks were greater than 1x10-2, the USEPA’s one-hit model was used to calculate the 
incremental lifetime risk. The CTE carcinogenic risk for the future lifetime resident (1x10-2) 
was greater than the USEPA’s target range (Table 9.3.CTE, Appendix D-2). Both the RME 
and CTE hazards are driven by exposure to VOCs (benzene; carbon tetrachloride; 
chloroform; 1,2-dichlororethane; 1,1,2,2-tetrachloroethane; tetrachloroethene; 
trichloroethene; and vinyl chloride) and one inorganic (arsenic). 

Construction Worker – Site 47  

The cumulative RME noncarcinogenic hazard (240) and the cumulative RME carcinogenic 
risk (3x10-4) for the adult construction worker are greater than USEPA’s recommended 
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levels (Table 9.4.RME, Appendix D-2). Therefore, a CTE evaluation was performed (Table 
9.4.CTE, Appendix D-2). The CTE noncarcinogenic hazard (206) and carcinogenic risk (2x10-

4) were greater than the USEPA targets. The noncarcinogenic hazard for both the RME and 
CTE scenarios is driven by dermal contact and inhalation of carbon tetrachloride and 
chloroform. For both the RME and CTE scenarios, the cancer risk is driven by exposure to 
carbon tetrachloride, chloroform, and tetrachloroethene.  

Construction worker exposure to lead in groundwater was not quantitatively assessed due 
to the lack of a reference dose for dermal contact with lead in groundwater.  

Adult Resident – Site 47 minus hot spot 

The cumulative RME noncarcinogenic hazard for the future adult resident (40) was greater 
than the USEPA’s target HI of one (Table 9.5.RME, Appendix D-2). This hazard is driven by 
contact with cyanide (HQ = 32), arsenic (HQ = 3.0), and thallium (HQ = 1.3). Since the RME 
HI was greater than the USEPA target HI, a CTE evaluation was performed. The cumulative 
CTE noncarcinogenic hazard for the future adult resident (3.2) was greater than the 
USEPA’s target HI of one (Table 9.5.CTE, Appendix D-2).  This hazard was driven by 
exposure to cyanide (HQ = 1.2). Target organ-specific HIs for effects to the liver (HI = 1.1) 
and whole body (HI = 1.2) were slightly greater than the USEPA target of one.  

Child Resident – Site 47 minus hot spot 

The cumulative RME noncarcinogenic hazard for the future child resident (90) was greater 
than the USEPA’s target HI of one (Table 9.6.RME, Appendix D-2). This hazard was driven 
by exposure to arsenic (HQ = 7.1), cyanide (HQ = 75), iron (HQ = 2.0), manganese (HQ = 
1.1), and thallium (HQ = 3.1).  Since the RME HI was greater than the USEPA target HI, a 
CTE evaluation was performed. The cumulative CTE noncarcinogenic hazard for the future 
child resident (8.9) was greater than the USEPA’s target HI of one (Table 9.6.CTE, Appendix 
D-2). This hazard is driven by exposure to cyanide (HQ = 4.0) and thallium (HQ = 1.6). 

Lifetime Resident – Site 47 minus hot spot 

The cumulative RME carcinogenic risk for the future lifetime resident (2x10-3) was greater 
than the USEPA’s target range of 1x10-4 to 1x10-6 (Table 9.7.RME, Appendix D-2). This risk 
was driven by exposure to tetrachloroethene (1x10-3) and arsenic (7x10-4).  Since the RME 
risk was greater than the USEPA target range, a CTE evaluation was performed. The 
cumulative CTE carcinogenic risk for the future lifetime resident (1x10-4) is equal to the high 
end of the USEPA’s target range (Table 9.7.CTE, Appendix D-2).  

Construction Worker – Site 47 minus hot spot 

The RME noncarcinogenic hazard (53) was greater than the USEPA target level of one. This 
was driven by inhalation of carbon tetrachloride (HQ = 52). The RME carcinogenic risk 
(4x10-5) for the adult construction worker was within the USEPA’s target range (Table 
9.8.RME, Appendix D-2). However, since this is greater than the midpoint of the USEPA’s 
acceptable range, a CTE evaluation was performed.  The CTE noncarcinogenic hazard (0.15) 
and carcinogenic risk (5x10-7) for the adult construction worker were both below the 
USEPA’s target levels (Table 9.8.CTE, Appendix D-2). 
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Uncertainty Associated with Human Health Assessment 
The risk measures used in Superfund site risk assessments are not fully probabilistic 
estimates of risk but are conditional estimates given that a set of assumptions about 
exposure and toxicity are realized. Thus it is important to specify fully the assumptions and 
uncertainties inherent in the risk assessment to place the risk estimates in proper perspective 
(USEPA, December 1989).  For a complete discussion of the uncertainty in the Site 47 
Baseline HHRA, the detailed discussion in Section 8 of the RI should be reviewed (CH2M 
HILL, December 2003).  

General Uncertainty in COPC Selection 
The uncertainty in sampling and possibility of missing a contaminated location is expected 
to be minimal at this site because of the amount of sampling data available for the site. The 
quantitative uncertainty associated with the other factors such as environmental sampling 
and data analysis is also minimal, as the data have been fully validated prior to risk 
assessment. The general assumptions used in the COPCs selection are conservative to 
ensure the estimation of highest possible risk. Since background conditions were not 
considered in the COPC selection process, it is possible that some of the inorganic COPCs 
could be present at Site 47 due to background conditions.  

Uncertainty Associated with Exposure Assessment 
The future potable use of shallow groundwater at Site 47 by residents is expected to occur. 
The future construction worker in contact with groundwater is a more likely exposure 
scenario, although the exposure parameters such as exposure duration and frequency are 
assumed since there are presently no construction plans for Site 47 that would bring 
workers into direct contact with groundwater.  

Uncertainty Associated with Toxicity Assessment 
Uncertainties associated with the noncarcinogenic toxicity factors are included in Tables 5.1 
and 5.2 in Appendix D-2.  

The uncertainties associated with CSFs are mostly associated with the low dose 
extrapolation where carcinogenicity at low doses is assumed to be straight-line responses. 
This is a conservative assumption, which introduces a high degree of uncertainty into slope 
factors, which are from this extrapolated area of the dose-response curve. Carcinogenic slope 
factors developed by the USEPA represent upper bound estimates. Any carcinogenic risks 
generated in this assessment should be regarded as an upper-bound estimate on the 
potential carcinogenic risks rather than an accurate representation of carcinogenic risk. The 
true carcinogenic risk is likely to be less than the predicted value (USEPA, 1989). 

Additional uncertainty is in the prediction of relative sensitivities of different species of 
animals and the applicability of animal data to humans. 

Use of provisional toxicity factors increases the degree of uncertainty associated with the 
quantitative results of the risk assessment. Provisional RfDs for carbon tetrachloride 
(inhalation RfD); chloroform (inhalation RfD); 1,2-dichloroethane (inhalation and oral RfDs); 
cis-1,2-dichloroethene (oral RfD); iron (oral RfD); 1,1,2,2-tetrachloroethane (oral RfD); 
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tetrachloroethene (inhalation RfD, oral and inhalation CSFs); thallium (oral RfD); 
trichloroethene (oral RfD, oral and inhalation CSFs); and vanadium (oral RfD) were used in 
this assessment. Therefore the quantitative risk estimates for these COPCs for these 
pathways and effects are subject to greater uncertainty than those where provisional toxicity 
values were not used. 

USEPA has not published dermal reference doses or slope factors. Dermal toxicity factors 
were derived based on published oral absorption factors. If chemical-specific oral 
absorption factors were not available, default values were used. Adjustment of oral toxicity 
factors to dermal toxicity factors adds a source of uncertainty to the risk characterization. 
This may result in an over- or under-estimation of risk associated with dermal exposure. 

Uncertainty in Risk Characterization 
The uncertainties identified in each component of risk assessment ultimately contribute to 
uncertainty in risk characterization. The addition of risks and HIs across pathways and 
chemicals contributes to uncertainty based on the interaction of chemicals such as 
additivity, synergism, potentiation, susceptibility of exposed receptors, etc. The simple 
assumption of additivity used for this site may or may not be accurate; however, a better 
alternative is not available at this time.  

In general, assessment of uncertainty is very important for sites with contaminant 
concentrations presenting a risk at the acceptable limit level with questionable exceedance 
(for example, slightly above the upper-bound carcinogenic risk range of 1 in 10,000 or 
slightly above an HI of one). 

Overall Uncertainty in the Risk Assessment 
The combination of many conservative assumptions (i.e., in the exposure assessment and in 
the toxicity assessment) will most likely result in an over-estimate of risk at the site. It is 
unlikely the risk to human health is greater than the risk assessment predicts, and it is most 
likely lower than the risk assessment indicates. 

Summary of Total Risks at Site 47 
Table D-1.4 summarizes the groundwater RME risks for Site 47. Table D-1.5 summarizes the 
groundwater CTE risks at Site 47.  

Potentially unacceptable risks were identified for all receptors exposed to groundwater at 
Site 47 (residents and construction workers). Although the risks are driven by contact with 
VOCs near Building 856, the evaluation of exposure to groundwater without including the 
monitoring wells near Building 856 (MW03 and MW04) suggests that exposure to 
groundwater across the site could result in potentially unacceptable health effects to 
exposed receptors.  

Although cyanide contributed to the noncancer hazards for future residents, it is not 
recommended that remedial action is warranted for cyanide. Cyanide was detected at a high 
concentration of 23,000 parts per million (ppm) in a well north of Building 856; the duplicate 
sample, however, was much lower at a concentration of 137 ppm.  Cyanide was not detected 
in any downgradient wells.  Cyanide does degrade under denitrifying conditions, as 
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observed at this site.  Therefore, cyanide is not considered to exist as a plume; hence, it is not 
considered a chemical of concern (COC) at Site 47. 

Similarly, benzene and bis(2-ethylhexyl)phthalate contributed to the risks for a future 
lifetime resident exposed to shallow groundwater at Site 47. However, benzene was 
detected in a single sample (IS47MW04-0704) at an estimated concentration (5 J µg/L) equal 
to the maximum contaminant level (MCL) (USEPA, July 2002). Bis(2-ethylhexyl)phthalate 
was detected in three samples at Site 47 at concentrations ranging from 1.3 J µg /L to 5.1 J µg 
/L. The maximum detected concentration was the only exceedance of the Region III RBC for 
tap water (4.8 µg /L). All detected concentrations of bis(2-ethylhexyl)phthalate were less 
than the MCL (6 µg /L) (USEPA, July 2002). Therefore, benzene and bis(2-
ethylhexyl)phthalate are not considered to exist as plumes; hence, they are not considered 
COCs at Site 47. 

Calculation of Preliminary Remediation Goals (PRGs) 
PRGs were calculated for the constituents identified as constituents of concern (COCs) in 
groundwater, as documented in this addendum HHRA. PRGs were calculated for the 
individual constituents which contributed a carcinogenic risk of 10-6 or greater to a 
cumulative carcinogenic risk above 10-4, or a noncarcinogenic hazard of 0.1 or above for 
individual target organs with a cumulative hazard of greater than one.  

Groundwater PRGs  were calculated for a potential future resident (adult, child, and 
lifetime) and construction worker (Tables D-1.6 through D-1.9).  PRGs based on residential contact 
with groundwater were calculated although it is unlikely that the area where the site is 
located will become a residential area. Future potable use of groundwater in the area 
around Site 47 is unlikely, as documented in the RI (CH2M HILL, December 2003). 

The equations presented in USEPA’s Risk Assessment Guidance for Superfund Volume 1, 
Part B (USEPA, 1991) were re-arranged into one equation to incorporate the ingestion, dermal 
absorption, and/or inhalation pathways to calculate a PRG that combines all of these 
pathways; as opposed to individual PRGs for ingestion, dermal absorption, and inhalation.  

The groundwater PRG equation combined the ingestion and dermal absorption pathways 
for the child resident, and the ingestion, dermal absorption, and inhalation during 
showering for the adult resident,. The construction worker PRG only includes the dermal 
contact and inhalation exposure pathways since exposure via incidental ingestion was 
assumed to be negligible. The exposure assumptions (i.e., ingestion rate, exposure 
frequency, exposure duration, etc.) used in the PRG calculation equations are the same as 
those used in the HHRA addendum risk calculations.  

The target noncarcinogenic hazard was determined based on the number of COCs that 
result in an effect to the same target (i.e. nervous system).  Therefore, assuming an 
acceptable hazard is one, if two constituents effect the same target, the target 
noncarcinogenic hazard for those constituents would be 0.5. If a PRG was calculated based 
on both carcinogenic and noncarcinogenic effects, the lower of the two was chosen as the 
applicable PRG for the receptor.  
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The toxicity values and target organs used in the PRG calculations for several constituents 
are provisional since this information is not available from USEPA’s IRIS database. 
Therefore, these values and target organs are associated with greater uncertainty and should 
be reviewed in conjunction with the most current toxicity information that is available. 

The risk-based PRGs are summarized in Table D-1.10.  

 



Groundwater
SampleDate StationID SampleID Parameters

04/10/01 IS47MW01 IS47MW010401 VOC, SVOC, explosives, Metals, Fmetals, cyanide
04/10/01 IS47MW02 IS47MW020401 VOC, SVOC, explosives, Metals, Fmetals, cyanide
04/10/01 IS47MW03 IS47MW030401 VOC, SVOC, explosives, Metals, Fmetals, cyanide
04/10/01 IS47MW04 IS47MW040401 VOC, SVOC, explosives, Metals, Fmetals, cyanide
04/09/01 IS47MW05 IS47MW050401 VOC, SVOC, explosives, Metals, Fmetals, cyanide
04/09/01 IS47MW06 IS47MW060401 VOC, SVOC, explosives, Metals, Fmetals, cyanide
04/09/01 IS47MW07 IS47MW070401 VOC, SVOC, explosives, Metals, Fmetals, cyanide
04/09/01 IS47MW07 IS47MW410401 a VOC, SVOC, explosives, Metals, Fmetals, cyanide
04/10/01 IS47MW08 IS47MW080401 VOC, SVOC, explosives, Metals, Fmetals, cyanide
04/09/01 IS47MW09 IS47MW090401 VOC, SVOC, explosives, Metals, Fmetals, cyanide
04/09/01 IS47MW10 IS47MW100401 VOC, SVOC, explosives, Metals, Fmetals, cyanide
09/26/02 IS47MW03 IS47MW030902 VOC (select)
09/26/02 IS47MW04 IS47MW040902 VOC (select)
06/28/02 IS47MW11 IS47MW110602 VOC (select)
09/26/02 IS47MW11 IS47MW110902 VOC (select)
09/25/02 IS47MW12 IS47MW120902 VOC (select)
09/26/02 IS47MW13 IS47MW130902 VOC (select)
09/26/02 IS47MW13 IS47MW130902P b VOC (select)
09/25/02 IS47MW14 IS47MW140902 VOC (select)
09/26/02 IS47MW15 IS47MW150902 VOC (select)
07/30/04 IS47MW03 IS47MW03-0704 VOC, Metal, Fmetal, cyanide
07/30/04 IS47MW04 IS47MW04-0704 VOC, Metal, Fmetal
07/30/04 IS47MW04 IS47MW04-0704P c VOC, Metal, Fmetal
07/29/04 IS47MW05 IS47MW05-0704 VOC, Metal, Fmetal
07/29/04 IS47MW06 IS47MW06-0704 Cyanide
07/29/04 IS47MW07 IS47MW07-0704 Cyanide
07/29/04 IS47MW08 IS47MW08-0704 Metal, Fmetal
07/29/04 IS47MW09 IS47MW09-0704 Cyanide
07/30/04 IS47MW10 IS47MW10-0704 VOC
07/29/04 IS47MW16 IS47MW16-0704 VOC
07/28/04 IS47MW17 IS47MW17-0704 VOC
07/28/04 IS47MW18 IS47MW18-0704 VOC

a. Duplicate of IS47MW070401.
b. Duplicate of IS47MW130902.
c. Duplicate of IS47MW130902.

Table D-1.1
Summary of Data Used in Human Health Risk Assessment Addendum

Site 47 Feasibility Study
NSF-IH, Indian Head, Maryland



Groundwater-Upper Aquifer
Groundwater-Upper Aquifer (minus hot spot 

area)

1,1,2,2-Tetrachloroethane 1,2-Dichloroethane
1,1,2-Trichloroethane Bromochloromethane
1,2-Dichloroethane Bromodichloromethane
Benzene Carbon tetrachloride
Bromochloromethane Chloroform
Bromodichloromethane Tetrachloroethene
Carbon disulfide Trichloroethene
Carbon tetrachloride Vinyl chloride
Chloroform cis-1,2-Dichloroethene
Tetrachloroethene Naphthalene
Trichloroethene bis(2-Ethylhexyl)phthalate
Vinyl chloride Aluminum
cis-1,2-Dichloroethene Arsenic
trans-1,2-Dichloroethene Barium
Naphthalene Chromium
bis(2-Ethylhexyl)phthalate Cyanide
Aluminum Iron
Arsenic Manganese
Barium Thallium
Beryllium Vanadium
Cadmium
Chromium
Cobalt
Cyanide
Iron
Lead
Manganese
Nickel
Thallium
Vanadium

Table D-1.2
Summary of Chemicals of Potential Concern for the HHRA

Site 47 Feasibility Study
NSF-IH, Indian Head, Maryland



Media Exposure Current

Route Industrial Other 
Trespasser/ 

Visitor Construction Industrial Other
Trespasser/ 

Visitor Resident
Worker Worker Adolescents Worker Worker Worker Adolescents Adult Child

Groundwater
Ingestion X X
Dermal X X X
Inhalation X X

Surface Soil 1

Ingestion X XC XC
Dermal X XC XC
Inhalation X XC XC

Sediment 1

Ingestion XC XC XC XC
Dermal XC XC XC XC
Inhalation

Surface Water 1

Ingestion XC XC XC XC
Dermal XC XC XC XC
Inhalation

Soil* 1

Ingestion X X X X
Dermal X X X X
Inhalation X X X X

Concrete
Troughs 1 Ingestion X

Dermal X
Inhalation X

1. This medium is not addressed in this HHRA Addendum. Refer to the RI for information (CH2M HILL, December 2003).
X  Quantitative evaluation.
XC Current and Future scenario are the same.
*Soil is combined surface and subsurface soil.

Future

Table D-1.3
Exposure Pathways

Site 47 Feasibility Study
NSF-IH, Indian Head, Maryland



Receptor Media Exposure Route Cancer Risk
Chemicals with Cancer 

Risks >10-4

Chemicals with 
Cancer Risks >10-5 

and <10-4
Chemicals with Cancer 
Risks >10-6 and <10-5 Hazard Index Chemicals with HI>1

Current Surface Soil Ingestion 1.3E-06 0.042
Industrial Worker

Dermal Contact 1.7E-05

Benzo(a)pyrene, 
Benzo(b)fluoranthene, 
Dibenz(a,h)anthracene,  
Arsenic 0.39

Inhalation 3.5E-09 0.0000070
Total 1.8E-05 0.43

All Media Total 1.8E-05 0.43
Current/Future Sediment Ingestion 1.4E-06 Nitroglycerin 0.055
Other Worker Dermal Contact 1.4E-05 Nitroglycerin 0.47
Adult Inhalation NA NA

Total 1.5E-05 0.53
Surface Water Ingestion 3.3E-07 0.0020

Dermal Contact 7.9E-08 0.00049
Inhalation NA NA
Total 4.1E-07 0.0025

All Media Total 1.5E-05 0.53
Current/Future Sediment Ingestion 1.5E-06 Arsenic 0.13
Trespasser/Visitor Dermal Contact 1.4E-06 Arsenic 0.52
Adolescent Inhalation NA NA

Total 2.9E-06 0.64
Surface Water Ingestion 3.5E-07 0.0060

Dermal Contact 7.7E-08 0.0014
Inhalation NA NA
Total 4.2E-07 0.007

Surface Soil Ingestion 1.5E-06 0.1

Dermal Contact 6.1E-06
Benzo(a)pyrene, 
Dibenz(a,h)anthracene 1.1

Inhalation 3.1E-10 0.000002
Total 7.6E-06 1.2

All Media Total 1.1E-05 1.9

Future Resident Adult Groundwater Ingestion NA 1.4E+03

Carbon Tetrachloride, 
Chloroform, Tetrachloroethene, 
Arsenic, Cyanide, Iron, Thalilum 
Vanadium

Dermal Contact NA 370
Carbon tetrachloride, Chloroform,
Tetrachloroethene, 

Inhalation 2.8E-01

1,2-Dichloroethane, Carbon 
tetrachloride, Chloroform, 
Chloromethane, 
Tetrachloroethene, 
Trichloroethene Vinyl chloride

1,1,2,2-Tetrachloroethane, 
1,1,2-Trichloroethane 4,673

1,2-Dichloroethane, Carbon 
tetrachloride, Chloroform

Total 2.8E-01 6,486
Soil* Ingestion NA 0.20

Dermal Contact NA 0.45
Inhalation NA 0.000025
Total NA 0.65

All Media Total NA 6,487

Table D-1.4
Summary of RME Cancer Risks and Hazard Indices

Site 47 Feasibility Study
NSF-IH, Indian Head, Maryland
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Receptor Media Exposure Route Cancer Risk
Chemicals with Cancer 

Risks >10-4

Chemicals with 
Cancer Risks >10-5 

and <10-4
Chemicals with Cancer 
Risks >10-6 and <10-5 Hazard Index Chemicals with HI>1

Table D-1.4
Summary of RME Cancer Risks and Hazard Indices

Site 47 Feasibility Study
NSF-IH, Indian Head, Maryland

Future Resident Child Groundwater Ingestion NA 3,367

Carbon tetrachloride, Chloroform,
PERC, Arsenic, Cyanide, Iron, 
Thallium, Vanadium

Dermal Contact NA 831
Carbon tetrachloride, Chloroform,
PERC, Vanadium

Inhalation NA NA
Total NA 4,199

Soil* Ingestion NA 1.9
Dermal Contact NA 0.59
Inhalation NA 0.000071
Total NA 2.5

All Media Total NA 4,201

Future Resident 
Adult/Child Groundwater Ingestion 7.4E-02

Arsenic, Carbon 
tetrachloride, PERC,

1,1,2,2-TCA; 1,2-
DCA; TCE, Vinyl 
chloride Benzene, BEHP NA

Dermal Contact 2.1E-02
Carbon tetrachloride, 
PERC Arsenic

1,1,2,2-TCA; 1,2-DCA; 
TCE; Vinyl chloride; BEHP NA

Inhalation 6.7E-02
Carbon tetrachloride, 
Chloroform, PERC 1,1,2,2-TCA; TCE

1,1,2-Trichloroethane; 
Benzene; Vinyl chloride NA

Total 1.6E-01 NA

Soil* Ingestion 2.0E-05

Benzo(a)pyrene, 
Benzo(b)fluoranthene, 
Dibenz(a,h)anthracene,  
Arsenic NA

Dermal Contact 9.0E-06

Benzo(a)pyrene, 
Dibenz(a,h)anthracene,  
Arsenic NA

Inhalation 2.1E-08 NA
Total 2.9E-05 NA

All Media Total 1.6E-01 NA
Future Construction Groundwater Ingestion NA NA
Worker

Dermal Contact 3.2E-04 Carbon tetrachloride PERC 213
Carbon tetrachloride and 
Chloroform

Inhalation 3.2E-05 Carbon tetrachloride Chloroform 52 Carbon tetrachloride
Total 3.5E-04 265

Soil* Ingestion 4.2E-07 0.34
Dermal Contact 4.0E-07 0.61
Inhalation 1.2E-10 0.0000062
Total 8.2E-07 0.95

Concrete troughs Ingestion 2.5E-08 0.0039
Dermal Contact 8.4E-09 0.0013
Inhalation NA NA
Total 3.4E-08 0.0053

All Media Total 3.5E-04 266
Future Industrial Soil* Ingestion 4.4E-06 Benzo(a)pyrene, Arsenic 0.15
Worker

Dermal Contact 2.0E-05

Benzo(a)anthracene, 
Benzo(a)pyrene, 
Benzo(b)fluoranthene, 
Dibenz(a,h)anthracene,  
Arsenic 1.3

Inhalation 9.1E-09 0.000018
Total 2.4E-05 1.4

All Media Total 2.4E-05 1.4

NA - Not applicable, pathway incomplete.
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Receptor Media Exposure Route Cancer Risk
Chemicals with Cancer 

Risks >10-4
Chemicals with Cancer 
Risks >10-5 and <10-4

Chemicals with Cancer 
Risks >10-6 and <10-5 Hazard Index Chemicals with HI>1

Future Resident Groundwater Ingestion NA 166
Carbon tetrachloride, 
Chloroform, Cyanide

Adult Dermal Contact NA 40 Carbon tetrachloride

Inhalation NA 771
Carbon tetrachloride; 
Chloroform; 1,2-Dichloroethane

Total NA 977

Future Resident Groundwater Ingestion NA 554

Carbon tetrachloride, 
Chloroform, PERC, TCE, 
Arsenic, Cyanide, Iron, 
Thallium, Vanadium

Child Dermal Contact NA 78
Carbon tetrachloride, 
Chloroform

Inhalation NA NA
Total NA 632

Soil* Ingestion NA --
Dermal Contact NA --
Inhalation NA 0.000071
Total NA 0.000071

All Media Total NA 632.3

Future Resident 
Adult/Child Groundwater Ingestion 7.1E-03

Carbon tetrachloride, 
PERC, Arsenic

1,2-Dichloroethane; TCE; 
Vinyl chloride 1,1,2,2-TCA; Benzene NA

Dermal Contact 1.5E-03
Carbon tetrachloride, 
PERC TCE NA

Inhalation 5.8E-03 Carbon tetrachloride, Chlo 1,2-DCA; PERC 1,1,2,2-TCA; Benzene; TCE NA
Total 1.4E-02 NA

Future Groundwater Ingestion NA NA

Construction Worker Dermal Contact 5.4E-05 Carbon tetrachloride, PERC Pentachlorophenol 31 Carbon tetrachloride
Inhalation 3.2E-05 Carbon tetrachloride Chloroform 6.5 Carbon tetrachloride
Total 8.6E-05 38

Future Soil* Ingestion NA 0.02
Industrial Worker Dermal Contact NA 0.01

Inhalation NA NA
Total NA 0.03

NA - Not applicable, pathway incomplete.

Table D-1.5
Summary of CTE Cancer Risks and Hazard Indices

Site 47 Feasibility Study
NSF-IH, Indian Head, Maryland



Table D-1.6
Groundwater PRGs - Adult Residential Scenario

Site 47 Feasibility Study
NSF-IH, Indian Head, Maryland

Chronic Chronic Chronic Noncarcinogen
Constituent Oral Dermal Inhalation Target DAevent Shower Groundwater PRG

of RfD RfD RfD Organ Exposure HQ = 0.1 HQ = 0.5 HQ = 1 Applicable Applicable
Concern (RfDo) (RfDd) (RfDi) HQ1 PRG

(mg/kg-day) (mg/kg-day) (mg/kg-day) (L/cm2-day) (L/day) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
VOCs
Carbon tetrachloride 7.0E-04 7.0E-04 5.7E-04 Liver 3.0E-05 2.5E+01 1.6E-04 7.8E-04 1.6E-03 0.17 2.7E-04
Chloroform 1.0E-02 1.0E-02 1.4E-02 Liver 1.0E-05 2.6E+01 3.6E-03 1.8E-02 3.6E-02 0.17 6.1E-03
1,2-Dichloroethane 2.0E-02 2.0E-02 1.4E-03 Liver & Kidney 5.4E-06 3.5E+01 2.9E-04 1.5E-03 2.9E-03 0.17 5.0E-04
cis-1,2-Dichloroethene 1.0E-02 1.0E-02 N/A Blood 9.9E-06 2.9E+01 3.4E-02 1.7E-01 3.4E-01 0.50 1.7E-01
Tetrachloroethene 1.0E-02 1.0E-02 1.4E-01 Liver, Whole body 6.6E-05 2.4E+01 1.5E-02 7.5E-02 1.5E-01 0.17 2.5E-02
Trichloroethene 6.0E-03 6.0E-03 N/A Liver 1.9E-05 2.6E+01 1.9E-02 9.3E-02 1.9E-01 0.20 3.7E-02
Inorganics
Arsenic 3.0E-04 3.0E-04 N/A Skin/Vascular 5.8E-07 N/A 1.1E-03 5.4E-03 1.1E-02 1 1.1E-02
Iron 3.0E-01 3.0E-01 N/A Gastrointestinal 5.8E-07 N/A 1.1E+00 5.4E+00 1.1E+01 1 1.1E+01
Manganese 2.0E-02 8.0E-04 N/A CNS 5.8E-07 N/A 6.5E-02 3.2E-01 6.5E-01 1 6.5E-01
Thallium 7.0E-05 7.0E-05 N/A Liver, Blood, Hair 5.8E-07 N/A 2.5E-04 1.3E-03 2.5E-03 0.17 4.3E-04
Vanadium 1.0E-03 2.6E-05 N/A Kidney 5.8E-07 N/A 3.0E-03 1.5E-02 3.0E-02 1 3.0E-02

Noncarcinogenic calculations:

Groundwater RBC  =
(mg/L)    

An = 1/RfDo x IR
 

Bn = 1/RfDd x SA x DAevent
 

Cn =  1/RfDi x Shower Exposure

EXPOSURE ASSUMPTIONS 
BW - Body weight (kilograms) 70
ATnc - Averaging time for noncarcinogens (days) 8760
ATc - Averaging time for carcinogens (days) 25,550
EF - Exposure frequency (days/year) 350
ED - Exposure duration (year) 24
IR - Ingestion rate (L/day) 2
SA - Skin surface area (cm2) 18,000
N/A = Not available or applicable
RfD = Reference Dose

THQ x BW x ATnc

EF x ED x (An + Bn + Cn)
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Table D-1.7
Groundwater PRGs - Child Residential Scenario

Site 47 Feasibility Study
NSF-IH, Indian Head, Maryland

Chronic Chronic Noncarcinogen
Constituent Oral Dermal Target DAevent Groundwater PRG

of RfD RfD Organ HQ = 0.1 HQ = 0.5 HQ = 1 Applicable Applicable
Concern (RfDo) (RfDd) HQ1 PRG

(mg/kg-day) (mg/kg-day) (L/cm2-day) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
VOCs
1,2-Dichloroethane 2.0E-02 2.0E-02 Liver 7.4E-06 3.0E-02 1.5E-01 3.0E-01 0.17 5.0E-02
Carbon disulfide 1.0E-01 1.0E-01 Fetus 2.7E-05 1.3E-01 6.6E-01 1.3E+00 1.0 1.3E+00
Carbon tetrachloride 7.0E-04 7.0E-04 Liver 3.9E-05 8.7E-04 4.4E-03 8.7E-03 0.17 1.5E-03
Chloroform 1.0E-02 1.0E-02 Liver 1.3E-05 1.4E-02 7.2E-02 1.4E-01 0.17 2.4E-02
Tetrachloroethene 1.0E-02 1.0E-02 Liver, Whole body 8.7E-05 9.9E-03 5.0E-02 9.9E-02 0.17 1.7E-02
Trichloroethene 6.0E-03 6.0E-03 Liver 2.5E-05 8.0E-03 4.0E-02 8.0E-02 0.17 1.3E-02
cis-1,2-Dichloroethene 1.0E-02 1.0E-02 Blood 1.4E-05 1.4E-02 7.2E-02 1.4E-01 0.50 7.2E-02
Inorganics
Arsenic 3.0E-04 3.0E-04 Skin/Vascular 1.0E-06 4.7E-04 2.3E-03 4.7E-03 1 4.7E-03
Iron 3.0E-01 3.0E-01 Gastrointestinal 1.0E-06 4.7E-01 2.3E+00 4.7E+00 1 4.7E+00
Manganese 2.0E-02 8.0E-04 CNS 1.0E-06 2.7E-02 1.3E-01 2.7E-01 1 2.7E-01
Thallium 7.0E-05 7.0E-05 Liver, Blood, Hair 1.0E-06 1.1E-04 5.4E-04 1.1E-03 0.17 1.8E-04
Vanadium 1.0E-03 2.6E-05 Kidney 1.0E-06 1.2E-03 6.2E-03 1.2E-02 1 1.2E-02

Noncarcinogenic calculations:

Groundwater RBC  = THQ x BW x ATnc

(mg/L)    EF x ED x (An + Bn)

An = 1/RfDo x IR
 

Bn = 1/RfDd x SA x DAevent
 

EXPOSURE ASSUMPTIONS 
BW - Body weight (kilograms) 15
ATnc - Averaging time for noncarcinogens (days) 2190
ATc - Averaging time for carcinogens (days) 25,550
EF - Exposure frequency (days/year) 350
ED - Exposure duration (year) 6
IR - Ingestion rate (L/day) 1
SA - Skin surface area (cm2) 6,600
N/A = Not available or applicable
RfD = Reference Dose
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Table D-1.8
Groundwater PRGs - Lifetime Residential Scenario

Site 47 Feasibility Study
NSF-IH, Indian Head, Maryland

Carcinogen
Constituent Oral Dermal Inhalation DAevent DAevent Shower Groundwater PRG

of CSF CSF CSF Adult Child Exposure Risk = Risk = Risk = 

Concern (CSFo) (CSFd) (CSFi) Adult 1E-06 1E-05 1E-04
(mg/kg-day)-1 (mg/kg-day)-1 (mg/kg-day)-1 (L/cm2-day) (L/cm2-day) (L/day) (mg/L) (mg/L) (mg/L)

VOCs
1,1,2,2-Tetrachloroethan 2.0E-01 2.0E-01 2.0E-01 1.4E-05 1.8E-05 1.5E+01 5.7E-05 5.7E-04 5.7E-03
1,2-Dichloroethane 9.1E-02 9.1E-02 9.1E-02 5.4E-06 7.4E-06 2.5E+01 8.4E-05 8.4E-04 8.4E-03
Carbon tetrachloride 1.3E-01 1.3E-01 1.3E-01 3.0E-05 3.9E-05 2.5E+01 5.7E-05 5.7E-04 5.7E-03
Tetrachloroethene 5.4E-01 5.4E-01 5.4E-01 6.6E-05 8.7E-05 2.4E+01 1.4E-05 1.4E-04 1.4E-03
Trichloroethene 1.1E-02 1.1E-02 1.1E-02 1.9E-05 2.5E-05 2.6E+01 6.5E-04 6.5E-03 6.5E-02
Vinyl chloride 1.4E+00 1.4E+00 1.4E+00 6.0E-06 8.3E-06 3.4E+01 4.0E-06 4.0E-05 4.0E-04
Inorganics
Arsenic 1.5E+00 1.5E+00 1.5E+01 5.8E-07 1.0E-06 N/A 4.4E-05 4.4E-04 4.4E-03

Carcinogen calculations:

Groundwater RBC  =
(mg/L)    

Ac = CSFo x IRadj 

Bc = CSFd x [(SAa x DAevent-a x EDa)/BWa + (SAc x DAevent-c X EDc)/BWc]

Cc =  CSFi x Shower Exposure x EDa x 1/BWa

EXPOSURE ASSUMPTIONS Lifetime Adult (a) Child (c)
BW - Body weight (kilograms) 70 15
ATc - Averaging time for carcinogens (days) 25,550 25,550
EF - Exposure frequency (days/year) 350 350
ED - Exposure duration (year) 24 6
IR - Ingestion rate (L/day) 2 1
IRdj - Ingestion rate (L-year/kg-day) 1.09
SA - Skin surface area (cm2) 18,000 6,600
ET - Exposure Time (hours/day) 0.58 1.00

TR x ATc

EF x (Ac + Bc + Cc)
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Chronic Chronic Carcinogen Noncarcinogen
Constituent Dermal Inhalation Dermal Inhalation Target Groundwater PRG

of CSF CSF RfD RfD Organ Risk = Risk = Risk = Applicable Applicable
Concern (CSFd) (CSFi) (RfDd) (RfDi) 1E-06 1E-05 1E-04 HQ PRG

(mg/kg-day)-1 (mg/kg-day)-1 (mg/kg-day) (mg/kg-day) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
VOCs
Carbon tetrachloride 1.3E-01 5.3E-02 5.3E-02 5.7E-04 Liver 3.0E+00 3.0E+01 3.0E+02 0.33 6.3E-02 6.3E-02
Chloroform NA 8.1E-02 8.1E-02 1.4E-02 Liver 2.5E+00 2.5E+01 2.5E+02 0.33 2.4E+00 2.4E+00
Tetrachloroethene 5.4E-01 2.0E-02 2.0E-02 1.4E-01 Liver, Whole body 1.1E+00 1.1E+01 1.1E+02 0.33 4.6E-01 4.6E-01
Inorganics
Vanadium N/A N/A 2.6E-05 N/A Kidney N/A N/A N/A 1 1.1E-01 1.1E-01

Carcinogen calculations: Noncancer PRG  = THQ x BW x ATn

(mg/L)    EF x ED x (An + Bn)

An = 1/RfDd x SA x DAevent
Ac = CSFd x SAa x DAevent x ED x (1/BW) 

Bn =  1/RfDi x Ca x IN x ET
Bc =  CSFi x Ca x ET x InhR

EXPOSURE ASSUMPTIONS 
Construction 

Worker
BW - Body weight (kilograms) 70
ATc - Averaging time for carcinogens (days) 25,550
ATnc - Averaging time for noncarcinogens (days) 365
EF - Exposure frequency (days/year) 125
ED - Exposure duration (year) 1
InhR - Inhalation rate (m3/hour) 2.5
SA - Skin surface area (cm2) 6,000
ET - Exposure Time (hours/day) 8
CSF - Cancer slope factor.
N/A - Not applicable; no cancer slope factor available.

 

Table D-1.9
Groundwater PRGs - Construction Workers

Site 47 Feasibility Study
NSF-IH, Indian Head, Maryland

TR x BW x ATc

EF x ED x (Ac + Bc)

Selected 
PRG

Groundwater PRG
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Constituent
of Selected PRG Selected PRG 

Concern THI TCR PRG Basis THI TCR PRG Basis
(mg/L) (mg/L)

VOCs
Carbon disulfide 1.0 1.3E+00 Child resident, THI = 1 NA NA NA NA
Carbon tetrachloride NA 1E-06 5.7E-05 Lifetime resident 0.33 NA 6.3E-02 THI = 1
Chloroform 0.17 NA 2.4E-02 Child resident, THI = 0.17 0.33 NA 2.4E+00 THI = 1
1,2-Dichloroethane NA 1E-06 8.4E-05 Lifetime resident NA NA NA NA
cis-1,2-Dichloroethene 0.50 NA 7.2E-02 Child resident, THI = 0.50 NA NA NA NA
1,1,2,2-Tetrachloroethan NA 1E-06 5.7E-05 NA NA NA NA
Tetrachloroethene NA 1E-06 1.4E-05 Lifetime resident 0.33 NA 4.6E-01 THI = 1
Trichloroethene NA 1E-06 6.5E-04 Lifetime resident NA NA NA NA
Vinyl chloride NA 1E-06 4.0E-06 Lifetime resident NA NA NA NA
Inorganics
Arsenic NA 1E-06 4.4E-05 Lifetime resident NA NA NA NA
Iron 1 NA 4.7E+00 Child resident, THI = 1 NA NA NA NA
Manganese 1 NA 2.7E-01 Child resident, THI = 1 NA NA NA NA
Thallium 0.17 NA 1.8E-04 Child resident, THI = 0.17 NA NA NA NA
Vanadium 1 NA 1.2E-02 Child resident, THI = 1 1.0 NA 1.1E-01 THI = 1

mg/L = Milligrams per liter
NA = Not applicable
PRG = Preliminary remediation goal
TCR = Target cancer risk
THI = Target hazard index

RESIDENTIAL PRGs CONSTRUCTION WORKER PRGs

Table D-1.10
PRG Summary

Site 47 Feasibility Study
NSF-IH, Indian Head, Maryland
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RAGS TABLES 



TABLE 1

SELECTION OF EXPOSURE PATHWAYS

Site 47 Feasibility Study 

NSF-IH, Indian Head, Maryland

Scenario Medium Exposure Exposure Receptor Receptor Exposure On-Site/ Type of Rationale for Selection or Exclusion

Timeframe Medium Point Population Age Route Off-Site Analysis of Exposure Pathway

Current Surface Soil Surface Soil Disposal area Industrial Worker Adult Dermal 
Absorption On-site Quant Industrial workers could contact surface soil.

Ingestion On-site Quant Industrial workers could contact surface soil.

Air Emissions from exposed 
soil at disposal area Industrial Worker Adult Inhalation On-site Quant Industrial workers may inhale dust and volatile emissions from site soils.

Current/Future Sediment Sediment
Sewer manhole and at 

discharge of sewer 
manhole

Other Worker Adult Dermal 
Absorption On-site Quant Maintenance workers may clean out and maintain drainage pipe.

Ingestion On-site Quant Maintenance workers may clean out and maintain drainage pipe.

Surface Soil Surface Soil Disposal area Trespasser/Visitor Adolescents Dermal 
Absorption On-site Quant Site access is not restricted.  Adolescents may trespass on site and contact 

surface soil.

Ingestion On-site Quant Site access is not restricted.  Adolescents may trespass on site and contact 
surface soil.

Air Emissions from exposed 
soil at disposal area Trespasser/Visitor Adolescents Inhalation On-site Quant Site access is not restricted.  Adolescents may trespass on site and inhale 

dust and volatile emissions from soil.

Future Groundwater Groundwater Upper Aquifer - Tap 
Water Resident Adult Dermal 

Absorption On-site None
Groundwater not currently used on site as a residential potable water supply 
and will not be used in future. Institutional controls will be implemented to 
prevent future use of the site without further evaluation.

Ingestion On-site None
Groundwater not currently used on site as a residential potable water supply 
and will not be used in future. Institutional controls will be implemented to 
prevent future use of the site without further evaluation.

Child Dermal 
Absorption On-site None

Groundwater not currently used on site as a residential potable water supply 
and will not be used in future. Institutional controls will be implemented to 
prevent future use of the site without further evaluation.

Ingestion On-site None
Groundwater not currently used on site as a residential potable water supply 
and will not be used in future. Institutional controls will be implemented to 
prevent future use of the site without further evaluation.

Resident Adult Dermal 
Absorption Off-site Quant Groundwater downgradient of the site may be used as a residential potable 

water supply.

Ingestion Off-site Quant Groundwater downgradient of the site may be used as a residential potable 
water supply.

Child Dermal 
Absorption Off-site Quant Groundwater downgradient of the site may be used as a residential potable 

water supply.

Ingestion Off-site Quant Groundwater downgradient of the site may be used as a residential potable 
water supply.

Adult/Child Dermal 
Absorption Off-site Quant Groundwater downgradient of the site may be used as a residential potable 

water supply.

Ingestion Off-site Quant Groundwater downgradient of the site may be used as a residential potable 
water supply.

Upper Aquifer - Shallow 
groundwater beneath 

disposal area

Construction 
Worker Adult Dermal 

Absorption On-site Quant Dermal contact with groundwater, if less than 10 feet below ground surface, 
during construction.
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TABLE 1

SELECTION OF EXPOSURE PATHWAYS

Site 47 Feasibility Study 

NSF-IH, Indian Head, Maryland

Scenario Medium Exposure Exposure Receptor Receptor Exposure On-Site/ Type of Rationale for Selection or Exclusion

Timeframe Medium Point Population Age Route Off-Site Analysis of Exposure Pathway

Future Groundwater
Air

Upper Aquifer -Water 
Vapors at Showerhead

Resident Adult Inhalation On-site None
Groundwater not currently used on site as a residential potable water supply 
and will not be used in future. Institutional controls will be implemented to 
prevent future use of the site without further evaluation.

Child Inhalation On-site None
Groundwater not currently used on site as a residential potable water supply 
and will not be used in future. Institutional controls will be implemented to 
prevent future use of the site without further evaluation.

Resident Adult Inhalation Off-site Quant Groundwater downgradient of the site may be used as a residential potable 
water supply.

Child Inhalation Off-site None Children are assumed not to shower.

Upper Aquifer - 
Volatilization from open 

excavation

Construction 
Worker Adult Inhalation On-site Quant Inhalation of volatiles during excavation activities.

Soil Soil Disposal area Construction 
Worker Adult Dermal 

Absorption On-site Quant Exposure to soil during construction activities.

Ingestion On-site Quant Exposure to soil during construction activities.

Other Worker Adult Dermal 
Absorption On-site Quant Industrial or maintenance workers could contact surface soil.

Ingestion On-site Quant Industrial or maintenance workers could contact surface soil.

Resident Adult Dermal 
Absorption On-site None Institutional controls will be implemented to prevent future use of the site 

without further evaluation.

Ingestion On-site None Institutional controls will be implemented to prevent future use of the site 
without further evaluation.

Child Dermal 
Absorption On-site None Institutional controls will be implemented to prevent future use of the site 

without further evaluation.

Ingestion On-site None Institutional controls will be implemented to prevent future use of the site 
without further evaluation.

Air Emissions from exposed 
soil at disposal area

Construction 
Worker Adult Inhalation On-site Quant Exposure to emissions from soil during construction activities.

Other Worker Adult Inhalation On-site Quant Industrial or maintenance workers may inhale dust and volatile emissions 
from site soils.

Concrete Concrete Concrete troughs Construction 
Worker Adult Dermal 

Absorption On-site Quant Exposure to concrete during demolition activities.

Ingestion On-site Quant Exposure to concrete during demolition activities.

Air Concrete troughs Construction 
Worker Adult Inhalation On-site Quant Exposure to emissions from concrete during demolition activities.

Quant: will be quantitatively evaluated.

None: Not considered to be a complete pathway, therefore, not evaluated.
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 Scenario Timeframe: Future

 Medium: Groundwater
 Exposure Medium: Groundwater

Exposure   CAS Chemical Units Location Detection Range of Concentration [2] Background [3] Screening [4] Potential Potential COPC Rationale for [5]

Point Number of Maximum Frequency Detection Used for Value Toxicity Value ARAR/TBC ARAR/TBC Flag Contaminant

Concentration Limits Screening Value Source Deletion
or Selection

Groundwater 71-55-6 1,1,1-Trichloroethane 7.00E-01 J 7.00E-01 J UG/L IS47MW030401  1/25  0.5 - 6300 7.00E-01 N/A 3.17E+02 N 2.00E+02 MCL NO BSL

79-34-5 1,1,2,2-Tetrachloroethane 3.00E+00 8.00E+00 J UG/L IS47MW04-0704 IS47MW04-0704P  2/24  0.5 - 6300 8.00E+00 N/A 5.27E-02 C N/A N/A YES ASL

76-13-1 1,1,2-Trichloro-1,2,2-trifluoroethane(Freon-113) 3.90E+00 J 3.90E+00 J UG/L IS47MW020401  1/15  0.5 - 6300 3.90E+00 N/A 5.94E+03 N N/A N/A NO BSL

79-00-5 1,1,2-Trichloroethane 1.00E+00 J 1.00E+00 J UG/L IS47MW04-0704 IS47MW04-0704P  1/25  0.5 - 6300 1.00E+00 N/A 1.88E-01 C 5.00E+00 MCL YES ASL

75-34-3 1,1-Dichloroethane 9.00E-01 J 9.00E-01 J UG/L IS47MW040401  1/25  0.5 - 6300 9.00E-01 N/A 7.98E+01 N N/A N/A NO BSL

75-35-4 1,1-Dichloroethene 1.00E-01 J 6.00E+00 J UG/L  IS47MW04-0704P  5/25  0.5 - 6300 6.00E+00 N/A 3.53E+01 N 7.00E+00 MCL NO BSL

107-06-2 1,2-Dichloroethane 1.00E+00 J 6.10E+01 UG/L  IS47MW04-0704P  7/25  0.5 - 6300 6.10E+01 N/A 1.16E-01 C 5.00E+00 MCL YES ASL

78-93-3 2-Butanone 1.80E+00 J 5.00E+00 J UG/L IS47MW04-0704 IS47MW150902  3/15  5 - 6300 5.00E+00 N/A 6.97E+02 N N/A N/A NO BSL

591-78-6 2-Hexanone 8.20E-01 J 8.20E-01 J UG/L IS47MW120902  1/24  5 - 6300 8.20E-01 N/A 4.16E+01 N N/A N/A NO BSL

67-64-1 Acetone 2.30E+00 J 1.20E+01 J UG/L IS47MW120902  5/18  5 - 6300 1.20E+01 N/A 5.48E+02 N N/A N/A NO BSL

71-43-2 Benzene 5.00E+00 J 5.00E+00 J UG/L IS47MW04-0704 IS47MW04-0704P  1/25  0.5 - 6300 5.00E+00 N/A 3.36E-01 C 5.00E+00 MCL YES ASL

74-97-5 Bromochloromethane 1.80E-01 J 1.80E-01 J UG/L IS47MW120902  1/15  0.5 - 1 1.80E-01 N/A 1.70E-01 C N/A N/A YES ASL

75-27-4 Bromodichloromethane 7.00E-01 1.00E+00 J UG/L IS47MW04-0704  2/25  0.5 - 6300 1.00E+00 N/A 1.70E-01 C 8.00E+01 MCL YES ASL

75-15-0 Carbon disulfide 1.10E-01 J 4.70E+03 UG/L IS47MW04-0704  7/24  0.5 - 6300 4.70E+03 N/A 1.04E+02 N N/A N/A YES ASL

56-23-5 Carbon tetrachloride 2.00E+00 J 1.00E+05 UG/L IS47MW030902  8/25  0.5 - 6300 1.00E+05 N/A 1.62E-01 C 5.00E+00 MCL YES ASL

75-00-3 Chloroethane 3.80E-01 J 3.80E-01 J UG/L  IS47MW130902P  1/25  0.5 - 6300 3.80E-01 N/A 3.64E+00 C N/A N/A NO BSL

67-66-3 Chloroform 4.30E-01 J 3.90E+04 UG/L IS47MW030902  11/25  0.5 - 6300 3.90E+04 N/A 1.55E-01 C 8.00E+01 MCL YES ASL

74-87-3 Chloromethane 1.10E+00 1.10E+00 UG/L IS47MW040401  1/25  0.5 - 6300 1.10E+00 N/A 1.90E+01 N N/A N/A NO BSL

110-82-7 Cyclohexane 1.00E-01 J 1.00E-01 J UG/L IS47MW140902  1/14  0.5 - 6300 1.00E-01 N/A 1.24E+03 N N/A N/A NO BSL

1634-04-4 Methyl-tert-butyl ether (MTBE) 2.10E+00 2.10E+00 UG/L IS47MW150902  1/14  0.5 - 6300 2.10E+00 N/A 2.64E+00 C N/A N/A NO BSL

75-09-2 Methylene chloride 1.50E+00 J 1.50E+00 J UG/L IS47MW050401  1/24  0.5 - 6300 1.50E+00 N/A 4.10E+00 C 5.00E+00 MCL NO BSL

127-18-4 Tetrachloroethene 1.30E+00 2.70E+03 J UG/L IS47MW04-0704  9/25  0.5 - 6300 2.70E+03 N/A 1.04E-01 C 5.00E+00 MCL YES ASL

108-88-3 Toluene 1.00E+00 J 4.50E+01 UG/L  IS47MW04-0704P  3/25  0.5 - 6300 4.50E+01 N/A 7.47E+01 N 1.00E+03 MCL NO BSL

79-01-6 Trichloroethene 2.60E-01 J 2.10E+02 J UG/L IS47MW04-0704 IS47MW04-0704P  10/25  0.5 - 6300 2.10E+02 N/A 2.64E-02 C 5.00E+00 MCL YES ASL

75-01-4 Vinyl chloride 8.00E-01 J 2.00E+00 UG/L IS47MW020401  2/25  0.5 - 6300 2.00E+00 N/A 1.50E-02 C 2.00E+00 MCL YES ASL

1330-20-7 Xylene, total 1.00E+00 J 1.00E+00 J UG/L IS47MW090401  1/24  0.5 - 6300 1.00E+00 N/A 2.13E+01 N 1.00E+04 MCL NO BSL

156-59-2 cis-1,2-Dichloroethene 1.60E-01 J 1.20E+02 UG/L  IS47MW04-0704P  9/25  0.5 - 6300 1.20E+02 N/A 6.08E+00 N 7.00E+01 MCL YES ASL

156-60-5 trans-1,2-Dichloroethene 7.00E-01 J 1.60E+01 UG/L  IS47MW04-0704P  3/25  0.5 - 6300 1.60E+01 N/A 1.22E+01 N 1.00E+02 MCL YES ASL

91-57-6 2-Methylnaphthalene 2.20E+00 J 2.20E+00 J UG/L  IS47MW410401  1/10  10 - 10 2.20E+00 N/A 2.43E+00 N N/A N/A NO BSL

83-32-9 Acenaphthene 1.30E+00 J 1.30E+00 J UG/L IS47MW070401  1/10  10 - 10 1.30E+00 N/A 3.65E+01 N N/A N/A NO BSL

120-12-7 Anthracene 1.20E+00 J 1.20E+00 J UG/L IS47MW070401  1/10  10 - 10 1.20E+00 N/A 1.83E+02 N N/A N/A NO BSL

100-52-7 Benzaldehyde 1.90E+00 J 1.90E+00 J UG/L IS47MW040401  1/10  10 - 10 1.90E+00 N/A 3.65E+02 N N/A N/A NO BSL

84-74-2 Di-n-butylphthalate 3.70E+00 J 3.70E+00 J UG/L IS47MW060401  1/10  10 - 10 3.70E+00 N/A 3.65E+02 N N/A N/A NO BSL

206-44-0 Fluoranthene 1.40E+00 J 1.40E+00 J UG/L IS47MW070401  1/10  10 - 10 1.40E+00 N/A 1.46E+02 N N/A N/A NO BSL

86-73-7 Fluorene 1.40E+00 J 1.40E+00 J UG/L IS47MW070401  1/10  10 - 10 1.40E+00 N/A 2.43E+01 N N/A N/A NO BSL
91-20-3 Naphthalene 2.50E+00 J 5.50E+00 J UG/L  IS47MW410401  2/11  3 - 10 5.50E+00 N/A 6.51E-01 N N/A N/A YES ASL

Concentration Concentration

Qualifier Qualifier

Table 2.1

OCCURRENCE, DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN

Site 47 Feasibility Study 

 Minimum [1]  Maximum [1]

NSF-IH, Indian Head, Maryland
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 Scenario Timeframe: Future

 Medium: Groundwater
 Exposure Medium: Groundwater

Exposure   CAS Chemical Units Location Detection Range of Concentration [2] Background [3] Screening [4] Potential Potential COPC Rationale for [5]

Point Number of Maximum Frequency Detection Used for Value Toxicity Value ARAR/TBC ARAR/TBC Flag Contaminant

Concentration Limits Screening Value Source Deletion
or Selection

Concentration Concentration

Qualifier Qualifier

Table 2.1

OCCURRENCE, DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN

Site 47 Feasibility Study 

 Minimum [1]  Maximum [1]

NSF-IH, Indian Head, Maryland

85-01-8 Phenanthrene 1.10E+00 J 4.30E+00 J UG/L IS47MW070401  2/10  10 - 10 4.30E+00 N/A 1.83E+01 N N/A N/A NO BSL

129-00-0 Pyrene 1.30E+00 J 1.90E+00 J UG/L IS47MW070401  2/10  10 - 10 1.90E+00 N/A 1.83E+01 N N/A N/A NO BSL

117-81-7 bis(2-Ethylhexyl)phthalate 1.30E+00 J 5.10E+00 J UG/L IS47MW070401  3/10  10 - 10 5.10E+00 N/A 4.78E+00 C 6.00E+00 MCL YES ASL

7429-90-5 Aluminum 7.76E+01 J 1.02E+04 UG/L  IS47MW04-0704P  13/14  32.2 - 200 1.02E+04 N/A 3.65E+03 N 50 - 200 2-MCL YES ASL

7440-38-2 Arsenic 2.40E+00 J 1.47E+02 UG/L  IS47MW04-0704P  8/14  3.33 - 10 1.47E+02 N/A 4.46E-02 C 1.00E+01 MCL YES ASL

7440-39-3 Barium 3.50E+00 J 3.46E+02 J UG/L IS47MW060401  13/14  1.7 - 200 3.46E+02 N/A 2.56E+02 N 2.00E+03 MCL YES ASL

7440-41-7 Beryllium 2.20E-01 J 1.06E+01 UG/L  IS47MW04-0704P  8/14  0.1 - 5 1.06E+01 N/A 7.30E+00 N 4.00E+00 MCL YES ASL

7440-43-9 Cadmium 4.10E-01 J 3.80E+00 J UG/L  IS47MW04-0704P  10/14  0.3 - 5 3.80E+00 N/A 1.83E+00 N 5.00E+00 MCL YES ASL

7440-70-2 Calcium 2.57E+03 J 2.05E+04 UG/L IS47MW020401  14/14  41.6 - 5000 2.05E+04 N/A N/A N/A N/A NO NUT

7440-47-3 Chromium 3.70E+00 J 1.35E+01 UG/L IS47MW060401  4/14  0.46 - 10 1.35E+01 N/A 1.10E+01 N 1.00E+02 MCL YES ASL

7440-48-4 Cobalt 2.30E+00 J 2.06E+02 UG/L  IS47MW04-0704P  14/14  1.6 - 50 2.06E+02 N/A 7.30E+01 N N/A N/A YES ASL

7440-50-8 Copper 1.40E+00 J 1.45E+01 J UG/L IS47MW060401  6/14  1.79 - 25 1.45E+01 N/A 1.46E+02 N 1.30E+03 MCL NO BSL

57-12-5 Cyanide 1.77E+02 2.32E+04 UG/L IS47MW070401  5/14  10 - 10 2.32E+04 N/A 7.30E+01 N 2.00E+02 MCL YES ASL

7439-89-6 Iron 5.48E+02 6.11E+04 UG/L IS47MW04-0704  13/14  17.7 - 100 6.11E+04 N/A 1.10E+03 N 3.00E+02 2-MCL YES ASL

7439-92-1 Lead 2.60E+00 J 3.82E+01 UG/L  IS47MW04-0704P  5/14  2.5 - 3 3.82E+01 N/A 1.50E+01 1.50E+01 MCL YES ASL

7439-95-4 Magnesium 1.18E+03 J 1.04E+04 UG/L  IS47MW04-0704P  14/14  28.47 - 5000 1.04E+04 N/A N/A N/A N/A NO NUT

7439-96-5 Manganese 2.50E+01 4.52E+02 UG/L IS47MW04-0704  13/14  0.2 - 15 4.52E+02 N/A 7.30E+01 N 5.00E+01 2-MCL YES ASL

7439-97-6 Mercury 2.00E-01 L 2.90E-01 L UG/L IS47MW020401  2/6  0.2 - 0.31 2.90E-01 N/A 3.65E-01 N 2.00E+00 MCL NO BSL

7440-02-0 Nickel 2.10E+00 J 1.59E+02 UG/L  IS47MW04-0704P  11/14  1.32 - 40 1.59E+02 N/A 7.30E+01 N N/A N/A YES ASL

7440-09-7 Potassium 8.36E+02 J 4.90E+03 J UG/L IS47MW010401  14/14  22.36 - 5000 4.90E+03 N/A N/A N/A N/A NO NUT

7440-23-5 Sodium 3.27E+03 J 1.02E+05 J UG/L IS47MW060401  14/14  17.17 - 5000 1.02E+05 N/A N/A N/A N/A NO NUT

7440-28-0 Thallium 4.90E+00 J 6.50E+00 J UG/L IS47MW040401  4/14  9.47 - 10 6.50E+00 N/A 2.56E-01 N 2.00E+00 MCL YES ASL

7440-62-2 Vanadium 3.10E+00 J 2.39E+02 UG/L  IS47MW04-0704P  4/14  1.01 - 50 2.39E+02 N/A 3.65E+00 N N/A N/A YES ASL
7440-66-6 Zinc 3.06E+01 J 4.58E+02 UG/L  IS47MW04-0704P  12/14  1.7 - 20 4.58E+02 N/A 1.10E+03 N 5.00E+03 2-MCL NO BSL

[1] Minimum/Maximum detected concentrations. Reported values for inorganics is for total metals (that is, filtered results were not used). See text for further explanation. COPC = Chemical of Potential Concern

[2] Maximum detected concentration is used for screening. ARAR/TBC = Applicable or Relevant and Appropriate Requirement/ 

[3] Background values not available.                       To Be Considered

[4] Risk-Based Concentration Table, October 8, 2004, U.S. EPA Region III, Jennifer Hubbard. C = Carcinogenic

Early-life values used for vinyl chloride for the SSLs to be conservative. J = Estimated Value

RBC value for pyrene used as surrogate for phenanthrene and benzo(g,h,i)perylene. L = Biased Low

RBC value for cadmium-water used as surrogate for cadmium. MCL = National Primary Drinking Water Standard (USEPA, July 2002)

RBC value for Chromium VI used for total chromium. 2-MCL - National secondary drinking water standard (USEPA, July 2002).

The tap water value of 15 ug/l is the action level provided in the Drinking Water Regulations and Health Advisories. N = Noncarcinogenic

RBC value for manganese-nonfood used as surrogate for manganese. N/A = Not applicable

RBC value for methylmercury used as surrogate for mercury.

RBC value for bromodichloromethane used as surrogate for bromochloromethane.
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 Scenario Timeframe: Future

 Medium: Groundwater
 Exposure Medium: Groundwater

Exposure   CAS Chemical Units Location Detection Range of Concentration [2] Background [3] Screening [4] Potential Potential COPC Rationale for [5]

Point Number of Maximum Frequency Detection Used for Value Toxicity Value ARAR/TBC ARAR/TBC Flag Contaminant

Concentration Limits Screening Value Source Deletion
or Selection

Concentration Concentration

Qualifier Qualifier

Table 2.1

OCCURRENCE, DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN

Site 47 Feasibility Study 

 Minimum [1]  Maximum [1]

NSF-IH, Indian Head, Maryland

RBC value for hexane used as surrogate for 2-hexanone.

[5] Rationale Codes

Selection Reason: Above Screening Levels (ASL)

Deletion Reason: No Toxicity Information (NTX)

Essential Nutrient (NUT)

Below Screening Level (BSL)
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 Scenario Timeframe: Future

 Medium: Groundwater
 Exposure Medium: Groundwater

Exposure   CAS Chemical Units Location Detection Range of Concentration [2] Background [3] Screening [4] Potential Potential COPC Rationale for [5]

Point Number of Maximum Frequency Detection Used for Value Toxicity Value ARAR/TBC ARAR/TBC Flag Contaminant

Concentration Limits Screening Value Source Deletion
or Selection

Groundwater (minus hot spot) 76-13-1 1,1,2-Trichloro-1,2,2-trifluoroethane(Freon-113) 3.90E+00 J 3.90E+00 J UG/L IS47MW020401  1/11  0.5 - 10 3.90E+00 N/A 5.94E+03 N N/A N/A NO BSL

75-35-4 1,1-Dichloroethene 1.00E-01 J 1.30E+00 UG/L IS47MW010401  3/19  0.5 - 10 1.30E+00 N/A 3.53E+01 N 7.00E+00 MCL NO BSL

107-06-2 1,2-Dichloroethane 1.00E+00 J 2.30E+01 UG/L IS47MW100401  5/19  0.5 - 10 2.30E+01 N/A 1.16E-01 C 5.00E+00 MCL YES ASL

78-93-3 2-Butanone 1.80E+00 J 2.10E+00 J UG/L IS47MW130902  2/10  5 - 10 2.10E+00 N/A 6.97E+02 N N/A N/A NO BSL

591-78-6 2-Hexanone 8.20E-01 J 8.20E-01 J UG/L IS47MW120902  1/18  5 - 10 8.20E-01 N/A 4.16E+01 N N/A N/A NO BSL

67-64-1 Acetone 2.30E+00 J 1.20E+01 J UG/L IS47MW120902  5/13  5 - 10 1.20E+01 N/A 5.48E+02 N N/A N/A NO BSL

74-97-5 Bromochloromethane 1.80E-01 J 1.80E-01 J UG/L IS47MW120902  1/13  0.5 - 1 1.80E-01 N/A 1.70E-01 C N/A N/A YES ASL

75-27-4 Bromodichloromethane 7.00E-01 7.00E-01 UG/L IS47MW120902  1/19  0.5 - 10 7.00E-01 N/A 1.70E-01 C 8.00E+01 MCL YES ASL

75-15-0 Carbon disulfide 1.10E-01 J 1.10E-01 J UG/L IS47MW120902  1/18  0.5 - 10 1.10E-01 N/A 1.04E+02 N N/A N/A NO BSL

56-23-5 Carbon tetrachloride 2.00E+00 J 3.60E+00 UG/L IS47MW020401  2/19  0.5 - 10 3.60E+00 N/A 1.62E-01 C 5.00E+00 MCL YES ASL

75-00-3 Chloroethane 3.80E-01 J 3.80E-01 J UG/L  IS47MW130902P  1/19  0.5 - 10 3.80E-01 N/A 3.64E+00 C N/A N/A NO BSL

67-66-3 Chloroform 4.30E-01 J 8.10E+00 UG/L IS47MW120902  5/19  0.5 - 10 8.10E+00 N/A 1.55E-01 C 8.00E+01 MCL YES ASL

110-82-7 Cyclohexane 1.00E-01 J 1.00E-01 J UG/L IS47MW140902  1/10  0.5 - 10 1.00E-01 N/A 1.24E+03 N N/A N/A NO BSL

1634-04-4 Methyl-tert-butyl ether (MTBE) 2.10E+00 2.10E+00 UG/L IS47MW150902  1/10  0.5 - 10 2.10E+00 N/A 2.64E+00 C N/A N/A NO BSL

75-09-2 Methylene chloride 1.50E+00 J 1.50E+00 J UG/L IS47MW050401  1/19  0.5 - 10 1.50E+00 N/A 4.10E+00 C 5.00E+00 MCL NO BSL

127-18-4 Tetrachloroethene 1.30E+00 1.60E+02 UG/L IS47MW100401  4/19  0.5 - 10 1.60E+02 N/A 1.04E-01 C 5.00E+00 MCL YES ASL

79-01-6 Trichloroethene 2.60E-01 J 1.50E+02 UG/L IS47MW100401  8/19  0.5 - 10 1.50E+02 N/A 2.64E-02 C 5.00E+00 MCL YES ASL

75-01-4 Vinyl chloride 8.00E-01 J 2.00E+00 UG/L IS47MW020401  2/19  0.5 - 10 2.00E+00 N/A 1.50E-02 C 2.00E+00 MCL YES ASL

1330-20-7 Xylene, total 1.00E+00 J 1.00E+00 J UG/L IS47MW090401  1/18  0.5 - 10 1.00E+00 N/A 2.13E+01 N 1.00E+04 MCL NO BSL

156-59-2 cis-1,2-Dichloroethene 1.60E-01 J 1.50E+01 UG/L IS47MW010401  7/19  0.5 - 10 1.50E+01 N/A 6.08E+00 N 7.00E+01 MCL YES ASL

156-60-5 trans-1,2-Dichloroethene 7.00E-01 J 7.00E-01 J UG/L IS47MW100401  1/19  0.5 - 10 7.00E-01 N/A 1.22E+01 N 1.00E+02 MCL NO BSL

91-57-6 2-Methylnaphthalene 2.20E+00 J 2.20E+00 J UG/L  IS47MW410401  1/8  10 - 10 2.20E+00 N/A 2.43E+00 N N/A N/A NO BSL

83-32-9 Acenaphthene 1.30E+00 J 1.30E+00 J UG/L IS47MW070401  1/8  10 - 10 1.30E+00 N/A 3.65E+01 N N/A N/A NO BSL

120-12-7 Anthracene 1.20E+00 J 1.20E+00 J UG/L IS47MW070401  1/8  10 - 10 1.20E+00 N/A 1.83E+02 N N/A N/A NO BSL

84-74-2 Di-n-butylphthalate 3.70E+00 J 3.70E+00 J UG/L IS47MW060401  1/8  10 - 10 3.70E+00 N/A 3.65E+02 N N/A N/A NO BSL

206-44-0 Fluoranthene 1.40E+00 J 1.40E+00 J UG/L IS47MW070401  1/8  10 - 10 1.40E+00 N/A 1.46E+02 N N/A N/A NO BSL

86-73-7 Fluorene 1.40E+00 J 1.40E+00 J UG/L IS47MW070401  1/8  10 - 10 1.40E+00 N/A 2.43E+01 N N/A N/A NO BSL

91-20-3 Naphthalene 2.50E+00 J 5.50E+00 J UG/L  IS47MW410401  2/9  3 - 10 5.50E+00 N/A 6.51E-01 N N/A N/A YES ASL

85-01-8 Phenanthrene 1.10E+00 J 4.30E+00 J UG/L IS47MW070401  2/8  10 - 10 4.30E+00 N/A 1.83E+01 N N/A N/A NO BSL

129-00-0 Pyrene 1.30E+00 J 1.90E+00 J UG/L IS47MW070401  2/8  10 - 10 1.90E+00 N/A 1.83E+01 N N/A N/A NO BSL

117-81-7 bis(2-Ethylhexyl)phthalate 1.30E+00 J 5.10E+00 J UG/L IS47MW070401  3/8  10 - 10 5.10E+00 N/A 4.78E+00 C 6.00E+00 MCL YES ASL

7429-90-5 Aluminum 7.76E+01 J 6.74E+03 UG/L IS47MW060401  9/10  32.2 - 200 6.74E+03 N/A 3.65E+03 N 50 - 200 2-MCL YES ASL

7440-38-2 Arsenic 2.40E+00 J 3.29E+01 UG/L IS47MW010401  6/10  3.33 - 10 3.29E+01 N/A 4.46E-02 C 1.00E+01 MCL YES ASL

7440-39-3 Barium 1.67E+01 J 3.46E+02 J UG/L IS47MW060401  10/10  1.7 - 200 3.46E+02 N/A 2.56E+02 N 2.00E+03 MCL YES ASL

7440-41-7 Beryllium 2.20E-01 J 1.00E+00 J UG/L  IS47MW410401  7/10  0.1 - 5 1.00E+00 N/A 7.30E+00 N 4.00E+00 MCL NO BSL
7440-43-9 Cadmium 4.10E-01 J 1.60E+00 J UG/L IS47MW060401  6/10  0.3 - 5 1.60E+00 N/A 1.83E+00 N 5.00E+00 MCL NO BSL

Table 2.2

OCCURRENCE, DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN

Site 47 Feasibility Study 

 Minimum [1]  Maximum [1]

NSF-IH, Indian Head, Maryland

Concentration Concentration

Qualifier Qualifier
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 Scenario Timeframe: Future

 Medium: Groundwater
 Exposure Medium: Groundwater

Exposure   CAS Chemical Units Location Detection Range of Concentration [2] Background [3] Screening [4] Potential Potential COPC Rationale for [5]

Point Number of Maximum Frequency Detection Used for Value Toxicity Value ARAR/TBC ARAR/TBC Flag Contaminant

Concentration Limits Screening Value Source Deletion
or Selection

Table 2.2

OCCURRENCE, DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN

Site 47 Feasibility Study 

 Minimum [1]  Maximum [1]

NSF-IH, Indian Head, Maryland

Concentration Concentration

Qualifier Qualifier

7440-70-2 Calcium 2.57E+03 J 2.05E+04 UG/L IS47MW020401  10/10  41.6 - 5000 2.05E+04 N/A N/A N/A N/A NO NUT

Chromium (total) 3.70E+00 J 1.35E+01 UG/L IS47MW060401  4/10  0.46 - 10 1.35E+01 N/A 1.10E+01 N 1.00E+02 MCL YES ASL

7440-48-4 Cobalt 3.00E+00 J 5.05E+01 UG/L IS47MW060401  10/10  1.6 - 50 5.05E+01 N/A 7.30E+01 N N/A N/A NO BSL

7440-50-8 Copper 1.40E+00 J 1.45E+01 J UG/L IS47MW060401  5/10  1.79 - 25 1.45E+01 N/A 1.46E+02 N 1.30E+03 MCL NO BSL

57-12-5 Cyanide 1.77E+02 2.32E+04 UG/L IS47MW070401  5/11  10 - 10 2.32E+04 N/A 7.30E+01 N 2.00E+02 MCL YES ASL

7439-89-6 Iron 1.23E+03 1.77E+04 UG/L IS47MW05-0704  10/10  17.7 - 100 1.77E+04 N/A 1.10E+03 N 3.00E+02 2-MCL YES ASL

7439-92-1 Lead 2.60E+00 J 8.10E+00 UG/L IS47MW060401  4/10  2.5 - 3 8.10E+00 N/A 1.50E+01 1.50E+01 MCL NO BSL

7439-95-4 Magnesium 1.75E+03 J 8.00E+03 UG/L IS47MW010401  10/10  28.47 - 5000 8.00E+03 N/A N/A N/A N/A NO NUT

7439-96-5 Manganese 2.50E+01 3.59E+02 UG/L IS47MW05-0704  9/10  0.2 - 15 3.59E+02 N/A 7.30E+01 N 5.00E+01 2-MCL YES ASL

7439-97-6 Mercury 2.90E-01 L 2.90E-01 L UG/L IS47MW020401  1/3  0.2 - 0.26 2.90E-01 N/A 3.65E-01 N 2.00E+00 MCL NO BSL

7440-02-0 Nickel 2.10E+00 J 3.60E+01 J UG/L IS47MW060401  7/10  1.32 - 40 3.60E+01 N/A 7.30E+01 N N/A N/A NO BSL

7440-09-7 Potassium 8.36E+02 J 4.90E+03 J UG/L IS47MW010401  10/10  22.36 - 5000 4.90E+03 N/A N/A N/A N/A NO NUT

7440-23-5 Sodium 1.34E+04 1.02E+05 J UG/L IS47MW060401  10/10  17.17 - 5000 1.02E+05 N/A N/A N/A N/A NO NUT

7440-28-0 Thallium 5.60E+00 J 6.00E+00 J UG/L IS47MW050401  2/10  9.47 - 10 6.00E+00 N/A 2.56E-01 N 2.00E+00 MCL YES ASL

7440-62-2 Vanadium 7.60E+00 J 1.18E+01 J UG/L IS47MW08-0704  2/10  1.01 - 50 1.18E+01 N/A 3.65E+00 N N/A N/A YES ASL
7440-66-6 Zinc 3.06E+01 J 9.48E+01 UG/L IS47MW060401  8/10  1.7 - 20 9.48E+01 N/A 1.10E+03 N 5.00E+03 2-MCL NO BSL

[1] Minimum/Maximum detected concentrations. Reported values for inorganics is for total metals (that is, filtered results were not used). See text for further explanation. COPC = Chemical of Potential Concern

[2] Maximum detected concentration is used for screening. ARAR/TBC = Applicable or Relevant and Appropriate Requirement/ 

[3] Background values not available.                       To Be Considered

[4] Risk-Based Concentration Table, October 8, 2004, U.S. EPA Region III, Jennifer Hubbard. C = Carcinogenic

Early-life values used for vinyl chloride for the SSLs to be conservative. J = Estimated Value

RBC value for pyrene used as surrogate for phenanthrene and benzo(g,h,i)perylene. L = Biased Low

RBC value for cadmium-water used as surrogate for cadmium. MCL = National Primary Drinking Water Standard (USEPA, July 2002)

RBC value for Chromium VI used for total chromium. 2-MCL - National secondary drinking water standard (USEPA, July 2002).

The tap water value of 15 ug/l is the action level provided in the Drinking Water Regulations and Health Advisories. N = Noncarcinogenic

RBC value for manganese-nonfood used as surrogate for manganese. N/A = Not applicable

RBC value for methylmercury used as surrogate for mercury.

RBC value for bromodichloromethane used as surrogate for bromochloromethane.

RBC value for hexane used as surrogate for 2-hexanone.

[5] Rationale Codes

Selection Reason: Above Screening Levels (ASL)

Deletion Reason: No Toxicity Information (NTX)

Essential Nutrient (NUT)

Below Screening Level (BSL)

10/26/2007
12:15 PM Page 5 of 5

new Site 47 Table 2.xls
TABLE 2.2



 Scenario Timeframe: Future
 Medium: Groundwater
 Exposure Medium: Groundwater

Exposure Point Chemical Units Arithmetic 95% UCL of
of Mean (N/T)

Potential
Concern Value Units Statistic Rationale

Groundwater
1,1,2,2-Tetrachloroethane ug/L 2.02E+02 1.65E+03 (NP) 8.00E+00 J 8.00E+00 UG/L Max (6)

1,1,2-Trichloroethane ug/L 1.94E+02 1.58E+03 (NP) 1.00E+00 J 1.00E+00 ug/L Max (6)
1,2-Dichloroethane ug/L 1.99E+02 1.59E+03 (NP) 6.10E+01 6.10E+01 ug/L Max (6)

Benzene ug/L 1.94E+02 1.58E+03 (NP) 5.00E+00 J 5.00E+00 ug/L Max (6)
Bromochloromethane ug/L 4.12E-01 4.71E-01 (NP) 1.80E-01 J 1.80E-01 ug/L Max (6)

Bromodichloromethane ug/L 1.94E+02 1.58E+03 (NP) 1.00E+00 J 1.00E+00 ug/L Max (6)
Carbon disulfide ug/L 5.27E+02 9.40E+02 (NP) 4.70E+03 9.40E+02 ug/L 95% Hall (5)

Carbon tetrachloride ug/L 8.46E+03 3.48E+04 (NP) 1.00E+05 3.48E+04 ug/L 95% Hall (5)
Chloroform ug/L 5.05E+03 9.19E+03 (NP) 3.90E+04 9.19E+03 ug/L 95% Hall (5)

Tetrachloroethene ug/L 3.51E+02 7.18E+02 (NP) 2.70E+03 J 7.18E+02 ug/L 95% Hall (5)
Trichloroethene ug/L 2.19E+02 1.60E+03 (NP) 2.10E+02 J 2.10E+02 ug/L Max (6)
Vinyl chloride ug/L 1.94E+02 1.58E+03 (NP) 2.00E+00 2.00E+00 ug/L Max (6)

cis-1,2-Dichloroethene ug/L 2.00E+02 1.59E+03 (NP) 1.20E+02 1.20E+02 ug/L Max (6)
trans-1,2-Dichloroethene ug/L 1.94E+02 1.58E+03 (NP) 1.60E+01 1.60E+01 ug/L Max (6)

Naphthalene ug/L 4.50E+00 5.19E+00 (NP) 5.50E+00 J 5.19E+00 ug/L 95% Stud-t (5)
bis(2-Ethylhexyl)phthalate ug/L 4.31E+00 6.36E+00 (NP) 5.10E+00 J 5.10E+00 ug/L Max (6)

Aluminum ug/L 2.09E+03 4.28E+03 (G) 1.02E+04 4.28E+03 ug/L 95% Gamma-App (1, 3, 4)
Arsenic ug/L 1.79E+01 1.24E+02 (NP) 1.47E+02 1.24E+02 ug/L 99% Cheb-m (5)
Barium ug/L 1.02E+02 1.81E+02 (G) 3.46E+02 J 1.81E+02 ug/L 95% Gamma-App (1, 3, 4)

Beryllium ug/L 1.17E+00 2.32E+00 (T) 1.06E+01 2.32E+00 ug/L 95% Cheb (1)
Cadmium ug/L 8.79E-01 1.45E+00 (G) 3.80E+00 J 1.45E+00 ug/L 95% Gamma-App (1, 3, 4)
Chromium ug/L 3.46E+00 1.39E+01 (NP) 1.35E+01 1.35E+01 ug/L Max (6)

Concentration
(Qualifier)

Table 3.1.RME
MEDIUM-SPECIFIC EXPOSURE POINT CONCENTRATION SUMMARY

Site 47 Feasibility Study 

Exposure Point ConcentrationMaximum

NSF-IH, Indian Head, Maryland
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 Scenario Timeframe: Future
 Medium: Groundwater
 Exposure Medium: Groundwater

Exposure Point Chemical Units Arithmetic 95% UCL of
of Mean (N/T)

Potential
Concern Value Units Statistic Rationale

Concentration
(Qualifier)

Table 3.1.RME
MEDIUM-SPECIFIC EXPOSURE POINT CONCENTRATION SUMMARY

Site 47 Feasibility Study 

Exposure Point ConcentrationMaximum

NSF-IH, Indian Head, Maryland

Cobalt ug/L 3.17E+01 6.16E+01 (G) 2.06E+02 6.16E+01 ug/L 95% Gamma-App (1, 3, 4)
Cyanide ug/L 1.84E+03 5.67E+04 (NP) 2.32E+04 2.32E+04 ug/L Max (6)

Iron ug/L 1.04E+04 2.01E+04 (G) 6.11E+04 2.01E+04 ug/L 95% Gamma-App (1, 3, 4)
Lead ug/L 4.94E+00 3.11E+01 (NP) 3.82E+01 3.11E+01 ug/L 99% Cheb-m (5)

Manganese ug/L 1.98E+02 2.66E+02 (N) 4.52E+02 2.66E+02 ug/L 95% Stud-t (2)
Nickel ug/L 2.14E+01 4.63E+01 (G) 1.59E+02 4.63E+01 ug/L 95% Gamma-App (1, 3, 4)

Thallium ug/L 2.94E+00 5.13E+00 (NP) 6.50E+00 J 5.13E+00 ug/L 95% Cheb-m (5)
Vanadium ug/L 3.11E+01 1.01E+02 (NP) 2.39E+02 1.01E+02 ug/L 95% Cheb-m (5)

For non-detects, 1/2 sample quantitation limit was used as a proxy concentration; for duplicate sample results, the maximum value was used in the calculation.
ProUCL, Version 3.0 used to determine distribution of data using the Shapiro-Wilk W Test.  ProUCL used to calculate RME EPC, following recommendations
based on distribution and standard deviation  in users guide (USEPA. April 2004. ProUCL, Version 3.0. Prepared by Lockheed Martin Environmental Services).
Statistics:  Maximum Detected Value (Max); 95% UCL of Log-transformed Data, H-Statistic (95% UCL-T); 95% Chebyshev (MVUE) UCL (95% Cheb); 
                     99% Chebyshev (MVUE) UCL (99% Cheb); 95% Chebyshev (mean,std) UCL (95% Cheb-m); 97.5% Chebyshev (mean,std) UCL (97.5% Cheb-m); 
                     99% Chebyshev (mean,std) UCL (99% Cheb-m); 95% modified-t UCL adjusted for skewness (95% Mod-t); 95% Student's-T test UCL (95% Stud-t); 
                     95% Hall's Bootdtrap UCL (95% Hall); 95% Approximate Gamma (App. Gamma); 95% Adjusted Gamma (Adj. Gamma);
                     Mean of Log-transformed Data using the Minimum Variance Unbiased Estimate (MVUE) method (Mean-T)

(1)  Shapiro-Wilk W Test indicates data are log-normally distributed.
(2)  Shapiro-Wilk W Test indicates data are normally distributed.
(3)  Anderson-Darling Test indicates data are gamma distributed.

(4)  Kolmogorov-Smirnov Test indicates data are gamma distributed.

(5) Distribution tests are inconclusive (data are not normal, log-normal, or gamma-distributed).

(6) The maximum detected concentration was used as the UCL because the value recommended by ProUCL 3.0 was higher than the Max.
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 Scenario Timeframe: Future
 Medium: Groundwater
 Exposure Medium: Groundwater

Exposure Point Chemical Units Arithmetic 95% UCL of
of Mean (N/T)

Potential
Concern Value Units Statistic Rationale

Concentration
(Qualifier)

Table 3.1.RME
MEDIUM-SPECIFIC EXPOSURE POINT CONCENTRATION SUMMARY

Site 47 Feasibility Study 

Exposure Point ConcentrationMaximum

NSF-IH, Indian Head, Maryland

ug/L = Micrograms per liter.

G = Gamma distribution.

N = Normal distribution.

T = Log-normal distribution.

NP = Non-Parametric distribution.
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 Scenario Timeframe: Future
 Medium: Groundwater
 Exposure Medium: Groundwater

Exposure Point Chemical Units Arithmetic 95% UCL of
of Mean (N/T)

Potential
Concern Value Units Statistic Rationale

Groundwater (minus hot spot)
1,2-Dichloroethane ug/L 2.96E+00 6.94E+00 (T) 2.30E+01 6.94E+00 ug/L 95% Cheb (1)

Bromochloromethane ug/L 3.98E-01 4.65E-01 (NP) 1.80E-01 J 1.80E-01 ug/L Max (6)
Bromodichloromethane ug/L 1.67E+00 6.35E+00 (NP) 7.00E-01 7.00E-01 ug/L Max (6)

Carbon tetrachloride ug/L 1.65E+00 6.10E+00 (NP) 3.60E+00 3.60E+00 ug/L Max (6)
Chloroform ug/L 2.21E+00 7.92E+00 (NP) 8.10E+00 7.92E+00 ug/L 99% Cheb-m (5)

Tetrachloroethene ug/L 1.03E+01 9.32E+01 (NP) 1.60E+02 9.32E+01 ug/L 99% Cheb-m (5)
Trichloroethene ug/L 1.74E+01 1.17E+02 (NP) 1.50E+02 1.17E+02 ug/L 99% Cheb-m (5)
Vinyl chloride ug/L 1.74E+00 6.40E+00 (NP) 2.00E+00 2.00E+00 ug/L Max (6)

cis-1,2-Dichloroethene ug/L 3.92E+00 1.54E+01 (NP) 1.50E+01 1.50E+01 ug/L Max (6)
Naphthalene ug/L 4.39E+00 5.25E+00 (NP) 5.50E+00 J 5.25E+00 ug/L 95 Stud-T (5)

bis(2-Ethylhexyl)phthalate ug/L 4.14E+00 6.65E+00 (NP) 5.10E+00 J 5.10E+00 ug/L Max (6)
Aluminum ug/L 1.79E+03 4.23E+03 (G) 6.74E+03 4.23E+03 ug/L App Gamma (1, 3, 4)
Arsenic ug/L 5.33E+00 1.88E+01 (NP) 3.29E+01 1.88E+01 ug/L 95% Cheb-m (5)
Barium ug/L 1.10E+02 1.94E+02 (G) 3.46E+02 J 1.94E+02 ug/L App Gamma (1, 3, 4)

Chromium (total) ug/L 3.98E+00 8.82E+00 (G) 1.35E+01 8.82E+00 ug/L App Gamma (3,4)
Cyanide ug/L 2.35E+03 6.36E+04 (T) 2.32E+04 2.32E+04 ug/L 95% Hall (1)

Iron ug/L 6.63E+03 9.85E+03 (N) 1.77E+04 9.85E+03 ug/L 95% UCL-T (2)
Manganese ug/L 2.07E+02 2.82E+02 (N) 3.59E+02 2.82E+02 ug/L 95% UCL-T (2)

Thallium ug/L 2.63E+00 3.61E+00 (NP) 6.00E+00 J 3.61E+00 ug/L 95 Stud-T (5)
Vanadium ug/L 1.59E+01 1.79E+01 (NP) 1.18E+01 J 1.18E+01 ug/L Max (6)

For non-detects, 1/2 sample quantitation limit was used as a proxy concentration; for duplicate sample results, the maximum value was used in the calculation.
ProUCL, Version 3.0 used to determine distribution of data using the Shapiro-Wilk W Test.  ProUCL used to calculate RME EPC, following recommendations

Concentration
(Qualifier)

Table 3
MEDIUM-SPECIFIC EXPOSURE POINT CONCENTRATION SUMMARY

Site 47 Feasibility Study 

Exposure Point ConcentrationMaximum

NSF-IH, Indian Head, Maryland
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 Scenario Timeframe: Future
 Medium: Groundwater
 Exposure Medium: Groundwater

Exposure Point Chemical Units Arithmetic 95% UCL of
of Mean (N/T)

Potential
Concern Value Units Statistic Rationale

Concentration
(Qualifier)

Table 3
MEDIUM-SPECIFIC EXPOSURE POINT CONCENTRATION SUMMARY

Site 47 Feasibility Study 

Exposure Point ConcentrationMaximum

NSF-IH, Indian Head, Maryland

based on distribution and standard deviation  in users guide (USEPA. April 2004. ProUCL, Version 3.0. Prepared by Lockheed Martin Environmental Services).
Statistics:  Maximum Detected Value (Max); 95% UCL of Log-transformed Data, H-Statistic (95% UCL-T); 95% Chebyshev (MVUE) UCL (95% Cheb); 
                     99% Chebyshev (MVUE) UCL (99% Cheb); 95% Chebyshev (mean,std) UCL (95% Cheb-m); 97.5% Chebyshev (mean,std) UCL (97.5% Cheb-m); 
                     99% Chebyshev (mean,std) UCL (99% Cheb-m); 95% modified-t UCL adjusted for skewness (95% Mod-t); 95% Student's-T test UCL (95% Stud-t); 
                     95% Hall's Bootdtrap UCL (95% Hall); 95% Approximate Gamma (App. Gamma); 95% Adjusted Gamma (Adj. Gamma);

(1)  Shapiro-Wilk W Test indicates data are log-normally distributed.
(2)  Shapiro-Wilk W Test indicates data are normally distributed.
(3)  Anderson-Darling Test indicates data are gamma distributed.

(4)  Kolmogorov-Smirnov Test indicates data are gamma distributed.

(5) Distribution tests are inconclusive (data are not normal, log-normal, or gamma-distributed); use non-parametric method.

(6) The maximum detected concentration was used as the UCL because the value recommended by ProUCL 3.0 was higher than the Max.

ug/L = Micrograms per liter.

G = Gamma distribution.

N = Normal distribution.

T = Log-normal distribution.

NP = Non-Parametric distribution.
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 Scenario Timeframe: Future
 Medium: Groundwater
 Exposure Medium: Groundwater

Exposure Point Chemical Units Arithmetic 95% UCL of
of Mean (N/T)

Potential
Concern Value Units Statistic Rationale

Groundwater
1,1,2,2-Tetrachloroethane UG/L 2.02E+02 1.65E+03 (NP) 8.00E+00 J 8.00E+00 UG/L Max (6)

1,1,2-Trichloroethane UG/L 1.94E+02 1.58E+03 (NP) 1.00E+00 J 1.00E+00 UG/L Max (6)
1,2-Dichloroethane UG/L 1.99E+02 1.59E+03 (NP) 6.10E+01 6.10E+01 UG/L Max (6)

Benzene UG/L 1.94E+02 1.58E+03 (NP) 5.00E+00 J 5.00E+00 UG/L Max (6)
Bromochloromethane UG/L 4.12E-01 4.71E-01 (NP) 1.80E-01 J 1.80E-01 UG/L Max (6)

Bromodichloromethane UG/L 1.94E+02 1.58E+03 (NP) 1.00E+00 J 1.00E+00 UG/L Max (6)
Carbon disulfide UG/L 5.27E+02 9.40E+02 (NP) 4.70E+03 5.27E+02 UG/L Mean-N (5)

Carbon tetrachloride UG/L 8.46E+03 3.48E+04 (NP) 1.00E+05 8.46E+03 UG/L Mean-N (5)
Chloroform UG/L 5.05E+03 9.19E+03 (NP) 3.90E+04 5.05E+03 UG/L Mean-N (5)

Tetrachloroethene UG/L 3.51E+02 7.18E+02 (NP) 2.70E+03 J 3.51E+02 UG/L Mean-N (5)
Trichloroethene UG/L 2.19E+02 1.60E+03 (NP) 2.10E+02 J 2.10E+02 UG/L Max (6)
Vinyl chloride UG/L 1.94E+02 1.58E+03 (NP) 2.00E+00 2.00E+00 UG/L Max (6)

cis-1,2-Dichloroethene UG/L 2.00E+02 1.59E+03 (NP) 1.20E+02 1.20E+02 UG/L Max (6)
trans-1,2-Dichloroethene UG/L 1.94E+02 1.58E+03 (NP) 1.60E+01 1.60E+01 UG/L Max (6)

Naphthalene UG/L 4.50E+00 5.19E+00 (NP) 5.50E+00 J 4.50E+00 UG/L Mean-N (5)
bis(2-Ethylhexyl)phthalate UG/L 4.31E+00 6.36E+00 (NP) 5.10E+00 J 4.31E+00 UG/L Mean-N (6)

Aluminum UG/L 2.09E+03 4.28E+03 (G) 1.02E+04 2.09E+03 UG/L Mean-N (1, 3, 4)
Arsenic UG/L 1.79E+01 1.24E+02 (NP) 1.47E+02 1.79E+01 UG/L Mean-N (5)
Barium UG/L 1.02E+02 1.81E+02 (G) 3.46E+02 J 1.02E+02 UG/L Mean-N

Beryllium UG/L 1.17E+00 2.32E+00 (T) 1.06E+01 8.69E-01 UG/L Mean-T (1)
Cadmium UG/L 8.79E-01 1.45E+00 (G) 3.80E+00 J 8.79E-01 UG/L Mean-N
Chromium UG/L 3.46E+00 1.39E+01 (NP) 1.35E+01 3.46E+00 UG/L Mean-N (6)

Concentration
(Qualifier)

Table 3.1.CTE

MEDIUM-SPECIFIC EXPOSURE POINT CONCENTRATION SUMMARY
Site 47 Feasibility Study 

Exposure Point ConcentrationMaximum

NSF-IH, Indian Head, Maryland
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 Scenario Timeframe: Future
 Medium: Groundwater
 Exposure Medium: Groundwater

Exposure Point Chemical Units Arithmetic 95% UCL of
of Mean (N/T)

Potential
Concern Value Units Statistic Rationale

Concentration
(Qualifier)

Table 3.1.CTE

MEDIUM-SPECIFIC EXPOSURE POINT CONCENTRATION SUMMARY
Site 47 Feasibility Study 

Exposure Point ConcentrationMaximum

NSF-IH, Indian Head, Maryland

Cobalt UG/L 3.17E+01 6.16E+01 (G) 2.06E+02 3.17E+01 UG/L Mean-N (1, 3, 4)
Cyanide UG/L 1.84E+03 5.67E+04 (NP) 2.32E+04 1.84E+03 UG/L Mean-N (6)

Iron UG/L 1.04E+04 2.01E+04 (G) 6.11E+04 1.04E+04 UG/L Mean-N (1, 3, 4)
Lead UG/L 4.94E+00 3.11E+01 (NP) 3.82E+01 4.94E+00 UG/L Mean-N (5)

Manganese UG/L 1.98E+02 2.66E+02 (N) 4.52E+02 1.98E+02 UG/L Mean-N (2)
Nickel UG/L 2.14E+01 4.63E+01 (G) 1.59E+02 2.14E+01 UG/L Mean-N (1, 3, 4)

Thallium UG/L 2.94E+00 5.13E+00 (NP) 6.50E+00 J 2.94E+00 UG/L Mean-N (5)
Vanadium UG/L 3.11E+01 1.01E+02 (NP) 2.39E+02 3.11E+01 UG/L Mean-N (5)

For non-detects, 1/2 sample quantitation limit was used as a proxy concentration; for duplicate sample results, the maximum value was used in the calculation.
ProUCL, Version 3.00.02 used to determine distribution of data using the Shapiro-Wilk W Test.  ProUCL used to calculate RME EPC, following recommendations
based on distribution and standard deviation  in users guide (USEPA. April 2004. ProUCL, Version 3.00.02. Prepared by Lockheed Martin Environmental Services).
Statistics:  Mean based on normal distribution (Mean-N); Mean of Log-transformed Data using the Minimum Variance Unbiased Estimate (MVUE) method (Mean-T).

(1)  Shapiro-Wilk W Test indicates data are log-normally distributed; use mean based on normal distribution.
(2)  Shapiro-Wilk W Test indicates data are normally distributed; use MVUE mean.
(3)  Anderson-Darling Test indicates data are gamma distributed; use mean based on normal distribution.

(4)  Kolmogorov-Smirnov Test indicates data are gamma distributed; use mean based on normal distribution.

(5) Distribution tests are inconclusive (data are not normal, log-normal, or gamma-distributed); use mean based on normal distribution.

(6) The maximum detected concentration was used as the EPC because the mean was higher than the max.

ug/L = Micrograms per liter.

G = Gamma distribution.
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 Scenario Timeframe: Future
 Medium: Groundwater
 Exposure Medium: Groundwater

Exposure Point Chemical Units Arithmetic 95% UCL of
of Mean (N/T)

Potential
Concern Value Units Statistic Rationale

Concentration
(Qualifier)

Table 3.1.CTE

MEDIUM-SPECIFIC EXPOSURE POINT CONCENTRATION SUMMARY
Site 47 Feasibility Study 

Exposure Point ConcentrationMaximum

NSF-IH, Indian Head, Maryland

N = Normal distribution.

T = Log-normal distribution.

NP = Non-Parametric distribution.
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 Scenario Timeframe: Future
 Medium: Groundwater
 Exposure Medium: Groundwater

Exposure Point Chemical Units Arithmetic 95% UCL of
of Mean (N/T)

Potential
Concern Value Units Statistic Rationale

Groundwater (minus hot spot)
1,2-Dichloroethane ug/L 2.96E+00 6.94E+00 (T) 2.30E+01 2.71E+00 ug/L Mean-T (1)

Bromochloromethane ug/L 3.98E-01 4.65E-01 (NP) 1.80E-01 J 1.80E-01 ug/L Mean-N (5)
Bromodichloromethane ug/L 1.67E+00 6.35E+00 (NP) 7.00E-01 7.00E-01 ug/L Mean-N (5)

Carbon tetrachloride ug/L 1.65E+00 6.10E+00 (NP) 3.60E+00 1.65E+00 ug/L Mean-N (5)
Chloroform ug/L 2.21E+00 7.92E+00 (NP) 8.10E+00 2.21E+00 ug/L Mean-N (5)

Tetrachloroethene ug/L 1.03E+01 9.32E+01 (NP) 1.60E+02 1.03E+01 ug/L Mean-N (5)
Trichloroethene ug/L 1.74E+01 1.17E+02 (NP) 1.50E+02 1.74E+01 ug/L Mean-N (5)
Vinyl chloride ug/L 1.74E+00 6.40E+00 (NP) 2.00E+00 1.74E+00 ug/L Mean-N (5)

cis-1,2-Dichloroethene ug/L 3.92E+00 1.54E+01 (NP) 1.50E+01 3.92E+00 ug/L Mean-N (5)
Naphthalene ug/L 4.39E+00 5.25E+00 (NP) 5.50E+00 J 4.39E+00 ug/L Mean-N (5)

bis(2-Ethylhexyl)phthalate ug/L 4.14E+00 6.65E+00 (NP) 5.10E+00 J 4.14E+00 ug/L Mean-N (5)
Aluminum ug/L 1.79E+03 4.23E+03 (G) 6.74E+03 1.79E+03 ug/L Mean-N (1, 3, 4)
Arsenic ug/L 5.33E+00 1.88E+01 (NP) 3.29E+01 5.33E+00 ug/L Mean-N (5)
Barium ug/L 1.10E+02 1.94E+02 (G) 3.46E+02 J 1.10E+02 ug/L Mean-N (1, 3, 4)

Chromium (total) ug/L 3.98E+00 8.82E+00 (G) 1.35E+01 3.98E+00 ug/L Mean-N (3,4)
Cyanide ug/L 2.35E+03 6.36E+04 (T) 2.32E+04 1.86E+03 ug/L Mean-T (1)

Iron ug/L 6.63E+03 9.85E+03 (N) 1.77E+04 6.63E+03 ug/L Mean-N (2)
Manganese ug/L 2.07E+02 2.82E+02 (N) 3.59E+02 2.07E+02 ug/L Mean-N (2)

Thallium ug/L 2.63E+00 3.61E+00 (NP) 6.00E+00 J 2.63E+00 ug/L Mean-N (5)
Vanadium ug/L 1.59E+01 1.79E+01 (NP) 1.18E+01 J 1.18E+01 ug/L Max (6)

For non-detects, 1/2 sample quantitation limit was used as a proxy concentration; for duplicate sample results, the maximum value was used in the calculation.
ProUCL, Version 3.00.02 used to determine distribution of data using the Shapiro-Wilk W Test.  ProUCL used to calculate RME EPC, following recommendations

Concentration
(Qualifier)

Table 3.2.CTE
MEDIUM-SPECIFIC EXPOSURE POINT CONCENTRATION SUMMARY

Site 47 Feasibility Study 

Exposure Point ConcentrationMaximum

NSF-IH, Indian Head, Maryland
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 Scenario Timeframe: Future
 Medium: Groundwater
 Exposure Medium: Groundwater

Exposure Point Chemical Units Arithmetic 95% UCL of
of Mean (N/T)

Potential
Concern Value Units Statistic Rationale

Concentration
(Qualifier)

Table 3.2.CTE
MEDIUM-SPECIFIC EXPOSURE POINT CONCENTRATION SUMMARY

Site 47 Feasibility Study 

Exposure Point ConcentrationMaximum

NSF-IH, Indian Head, Maryland

based on distribution and standard deviation  in users guide (USEPA. April 2004. ProUCL, Version 3.00.02. Prepared by Lockheed Martin Environmental Services).
Statistics:  Mean based on normal distribution (Mean-N); Mean of Log-transformed Data using the Minimum Variance Unbiased Estimate (MVUE) method (Mean-T).

(1)  Shapiro-Wilk W Test indicates data are log-normally distributed; use mean based on normal distribution.
(2)  Shapiro-Wilk W Test indicates data are normally distributed; use MVUE mean.
(3)  Anderson-Darling Test indicates data are gamma distributed; use mean based on normal distribution.

(4)  Kolmogorov-Smirnov Test indicates data are gamma distributed; use mean based on normal distribution.

(5) Distribution tests are inconclusive (data are not normal, log-normal, or gamma-distributed); use mean based on normal distribution.

(6) The maximum detected concentration was used as the EPC because the mean was higher than the max.

ug/L = Micrograms per liter.

G = Gamma distribution.

N = Normal distribution.

T = Log-normal distribution.

NP = Non-Parametric distribution.
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TABLE 4.1.RME

VALUES USED FOR DAILY INTAKE CALCULATIONS

REASONABLE MAXIMUM EXPOSURE

Site 47 Feasibility Study 

NSF-IH, Indian Head, Maryland

Scenario Timeframe: Future 

Medium:   Groundwater

Exposure Medium: Groundwater

     

Exposure Route Receptor Population Receptor Age Exposure Point Parameter Parameter Definition Value Units Rationale/ Intake Equation/
Code Reference Model Name

Ingestion Resident Adult Upper Aquifer-Tap Water CW Chemical Concentration in Water See Table 3.1.RME µg/l See Table 3.1.RME Chronic Daily Intake (CDI) (mg/kg-day) =

IR-W Ingestion Rate of Water 2 liters/day EPA, 1997 CW x IR-W x EF x ED x CF1 x 1/BW x 1/AT

EF Exposure Frequency 350 days/year EPA, 1991

ED Exposure Duration 24 years EPA, 1991

CF1 Conversion Factor  1 0.001 mg/µg - -

BW Body Weight 70 kg EPA, 1991

AT-C Averaging Time (Cancer) 25,550 days EPA, 1989

AT-N Averaging Time (Non-Cancer) 8,760 days EPA, 1989

Child Upper Aquifer-Tap Water CW Chemical Concentration in Water See Table 3.1.RME µg/l See Table 3.1.RME CDI (mg/kg-day) =

IR-W Ingestion Rate of Water 1 liters/day EPA, 1997 CW x IR-W x EF x ED x CF1 x 1/BW x 1/AT

EF Exposure Frequency 350 days/year EPA, 1991

ED Exposure Duration 6 years EPA, 1991

CF1 Conversion Factor  1 0.001 mg/µg - -

BW Body Weight 15 kg EPA, 1991

AT-C Averaging Time (Cancer) 25,550 days EPA, 1989

AT-N Averaging Time (Non-Cancer) 2,190 days EPA, 1989

Child/Adult Upper Aquifer-Tap Water CW Chemical Concentration in Water See Table 3.1.RME µg/l See Table 3.1.RME CDI (mg/kg-day) =

IR-W-A Ingestion Rate of Water, Adult 2 liters/day EPA, 1997 CW x IR-W-Adj x EF x CF1 x 1/AT

IR-W-C Ingestion Rate of Water, Child 1 liters/day EPA, 1997

IR-W-Adj Ingestion Rate of Water, Age-adjusted 1.09 liter-year/kg-day calculated IR-W-Adj (liter-year/kd-day) = 
EF Exposure Frequency 350 days/year EPA, 1991 (ED-C x IR-W-C / BW-C)  +  

ED-A Exposure Duration, Adult 24 years EPA, 1991 (ED-A x IR-W-A / BW-A)

ED-C Exposure Duration, Child 6 years EPA, 1991

CF1 Conversion Factor  1 0.001 mg/µg - -

BW-A Body Weight , Adult 70 kg EPA, 1991

BW-C Body Weight, Child 15 kg EPA, 1991

AT-C Averaging Time (Cancer) 25,550 days EPA, 1989
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TABLE 4.1.RME

VALUES USED FOR DAILY INTAKE CALCULATIONS

REASONABLE MAXIMUM EXPOSURE

Site 47 Feasibility Study 

NSF-IH, Indian Head, Maryland

Scenario Timeframe: Future 

Medium:   Groundwater

Exposure Medium: Groundwater

     

Exposure Route Receptor Population Receptor Age Exposure Point Parameter Parameter Definition Value Units Rationale/ Intake Equation/
Code Reference Model Name

Dermal Resident Adult Upper Aquifer-Tap Water CW Chemical Concentration in Water See Table 3.1.RME µg/l See Table 3.1.RME CDI (mg/kg-day) =

DAevent Dermally Absorbed Dose per Event calculated mg/cm2-event calculated DAevent x SA x EV x EF x ED x 1/BW x 1/AT

FA Fraction absorbed water chemical specific dimensionless EPA, 2004

Kp Permeability Coefficient chemical specific cm/hr EPA, 2004 Inorganics:  DAevent (mg/cm2-event) = 

τ Lag Time chemical specific hr/event EPA, 2004 Kp x CW x tevent x CF1 x CF2

t* Time to Reach Steady-state chemical specific hours EPA, 2004

B Ratio of Permeability of Stratum Corneum 
to Epidermis chemical specific dimensionless EPA, 2004 Organics :

tevent Event Time 0.58 hr/event EPA, 2004 tevent<t*:  DAevent (mg/cm2-event) = 

SA Skin Surface Area Available for Contact 18,000 cm2 EPA, 2004 2 x FA x Kp x CW x (sqrt((6 x τ x tevent)/π))

EV Event Frequency 1 events/day EPA, 2004     x CF1 x CF2

EF Exposure Frequency 350 days/year EPA, 2004

ED Exposure Duration 24 years EPA, 2004 tevent>t*:  DAevent (mg/cm2-event) = 

BW Body Weight 70 kg EPA, 1991 FA x Kp x CW x ( tevent/(1+B) + 2 x τ x 

AT-C Averaging Time (Cancer) 25,550 days EPA, 1989     ((1 + 3B + 3B2)/(1+B)2)) x CF1 x CF2

AT-N Averaging Time (Non-Cancer) 8,760 days EPA, 1989

CF1 Conversion Factor 1 0.001 mg/µg - -

CF2 Conversion Factor 2 0.001 l/cm3 - -

Child Upper Aquifer-Tap Water CW Chemical Concentration in Water See Table 3.1.RME µg/l See Table 3.1.RME CDI (mg/kg-day) =

DAevent Dermally Absorbed Dose per Event calculated mg/cm2-event calculated DAevent x SA x EV x EF x ED x 1/BW x 1/AT

FA Fraction absorbed water chemical specific dimensionless EPA, 2004

Kp Permeability Coefficient chemical specific cm/hr EPA, 2004 Inorganics:  DAevent (mg/cm2-event) = 

τ Lag Time chemical specific hr/event EPA, 2004 Kp x CW x tevent x CF1 x CF2

t* Time to Reach Steady-state chemical specific hours EPA, 2004
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TABLE 4.1.RME

VALUES USED FOR DAILY INTAKE CALCULATIONS

REASONABLE MAXIMUM EXPOSURE

Site 47 Feasibility Study 

NSF-IH, Indian Head, Maryland

Scenario Timeframe: Future 

Medium:   Groundwater

Exposure Medium: Groundwater

     

Exposure Route Receptor Population Receptor Age Exposure Point Parameter Parameter Definition Value Units Rationale/ Intake Equation/
Code Reference Model Name

Dermal Resident Child Upper Aquifer-Tap Water B Ratio of Permeability of Stratum Corneum 
to Epidermis chemical specific dimensionless EPA, 2004 Organics :

tevent Event Time 1.0 hr/event tevent<t*:  DAevent (mg/cm2-event) = 

SA Skin Surface Area Available for Contact 6,600 cm2 EPA, 2004 2 x FA x Kp x CW x (sqrt((6 x τ x tevent)/π))

EV Event Frequency 1 events/day EPA, 2004     x CF1 x CF2

EF Exposure Frequency 350 days/year EPA, 2004

ED Exposure Duration 6 years EPA, 2004 tevent>t*:  DAevent (mg/cm2-event) = 

BW Body Weight 15 kg EPA, 1991 FA x Kp x CW x ( tevent/(1+B) + 2 x τ x 

AT-C Averaging Time (Cancer) 25,550 days EPA, 1989     ((1 + 3B + 3B2)/(1+B)2)) x CF1 x CF2

AT-N Averaging Time (Non-Cancer) 2,190 days EPA, 1989

CF1 Conversion Factor 1 0.001 mg/µg - -

CF2 Conversion Factor 2 0.001 l/cm3 - -

Resident Child/Adult Upper Aquifer-Tap Water CW Chemical Concentration in Water See Table 3.1.RME µg/l See Table 3.1.RME CDI (mg/kg-day) = DA-Adj x EF x 1/AT

DAevent-A Dermally Absorbed Dose per Event, Adult calculated mg/cm2-event calculated

DAevent-C Dermally Absorbed Dose per Event, Child calculated mg/cm2-event calculated DA-Adj = (Daevent-A x SA-A x ED-A x 1/BW-A)

DA-Adj Dermally Absorbed Dose, Age-adjusted calculated mg-year/event-kg calculated + (Daevent-C x SA-C x ED-C x 1/BW-C)
FA Fraction absorbed water chemical specific dimensionless EPA, 2004

Kp Permeability Coefficient chemical specific cm/hr EPA, 2004 Inorganics:  DAevent (mg/cm2-event) = 

τ Lag Time chemical specific hr/event EPA, 2004 Kp x CW x tevent x CF1 x CF2

t* Time to Reach Steady-state chemical specific hours EPA, 2004

B Ratio of Permeability of Stratum Corneum 
to Epidermis chemical specific dimensionless EPA, 2004 Organics : 

tevent-A Event Time, Adult 0.58 hr/event EPA, 2004 tevent<t*:  DAevent (mg/cm2-event) = 

tevent-C Event Time, Child 1.0 hr/event EPA, 2004 2 x FA x Kp x CW x (sqrt((6 x τ x tevent)/π))

SA-A Skin Surface Area, Adult 18,000 cm2 EPA, 2004     x CF1 x CF2

SA-C Skin Surface Area, Child 6,600 cm2 EPA, 2004

EV Event Frequency 1 events/day EPA, 2004 tevent>t*:  DAevent (mg/cm2-event) = 

EF Exposure Frequency 350 days/year EPA, 2004 FA x Kp x CW x ( tevent/(1+B) + 2 x τ x 

ED-A Exposure Duration, Adult 24 years EPA, 2004     ((1 + 3B + 3B2)/(1+B)2)) x CF1 x CF2

ED-C Exposure Duration, Child 6 years EPA, 2004

BW-A Body Weight, Adult 70 kg EPA, 1991

BW-C Body Weight, Child 15 ke EPA, 1991

AT-C Averaging Time (Cancer) 25,550 days EPA, 1989

CF1 Conversion Factor 1 0.001 mg/µg - -

CF2 Conversion Factor 2 0.001 l/cm3 - -
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TABLE 4.1.RME

VALUES USED FOR DAILY INTAKE CALCULATIONS

REASONABLE MAXIMUM EXPOSURE

Site 47 Feasibility Study 

NSF-IH, Indian Head, Maryland

Scenario Timeframe: Future 

Medium:   Groundwater

Exposure Medium: Groundwater

     

Exposure Route Receptor Population Receptor Age Exposure Point Parameter Parameter Definition Value Units Rationale/ Intake Equation/
Code Reference Model Name

Dermal Construction Worker Adult
Upper Aquifer-Shallow 
groundwater beneath 

disposal area CW Chemical Concentration in Water
See Table 3.1.RME µg/l See Table 3.1.RME

CDI (mg/kg-day) =

DAevent Dermally Absorbed Dose per Event calculated mg/cm2-event calculated DAevent x SA x EV x EF x ED x 1/BW x 1/AT

FA Fraction absorbed water chemical specific dimensionless EPA, 2004

Kp Permeability Coefficient chemical specific cm/hr EPA, 2004 Inorganics:  DAevent (mg/cm2-event) = 

τ Lag Time chemical specific hr/event EPA, 2004 Kp x CW x tevent x CF1 x CF2

t* Time to Reach Steady-state chemical specific hours EPA, 2004

B Ratio of Permeability of Stratum Corneum 
to Epidermis chemical specific dimensionless EPA, 2004 Organics :

tevent Event Time 8 hr/day (1) tevent<t*:  DAevent (mg/cm2-event) = 

SA Skin Surface Area Available for Contact 6,000 cm2 EPA, 1997, (3) 2 x FA x Kp x CW x (sqrt((6 x τ x tevent)/π))

EV Event Frequency 1 events/day EPA, 2004     x CF1 x CF2

EF Exposure Frequency 125 days/year (2)
ED Exposure Duration 1 years EPA, 1991 tevent>t*:  DAevent (mg/cm2-event) = 

BW Body Weight 70 kg EPA, 1991 FA x Kp x CW x ( tevent/(1+B) + 2 x τ x 

AT-C Averaging Time (Cancer) 25,550 days EPA, 1989     ((1 + 3B + 3B2)/(1+B)2)) x CF1 x CF2

AT-N Averaging Time (Non-Cancer) 365 days EPA, 1989

CF1 Conversion Factor 1 0.001 mg/µg - -

CF2 Conversion Factor 2 0.001 l/cm3 - -

(1)  Professional Judgement based on construction activities that would occur 8 hrs per day for the RME.

(2)  Assumed duration of construction project may be 1/2 a year.

(3)  Skin surface area in contact with groundwater assumed to be 30 percent of total surface area (hands, forearms, lower legs, and feet). 

Sources:

  EPA, 1989:  Risk Assessment Guidance for Superfund.  Vol.1:  Human Health Evaluation Manual, Part A.  OERR.  EPA/540/1-89/002.

  EPA, 1991:  Risk Assessment Guidance for Superfund.  Vol.1:  Human Health Evaluation Manual - Supplemental Guidance, Standard Default Exposure Factors.  Interim Final.  OSWER Directive 9285.6-03.

  EPA, 1997:  Exposure Factors Handbook. EPA/600/P-95/002Fa.

  EPA, 2004:  Risk Assessment Guidance for Superfund.  Vol.1:  Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment) Final.  EPA/540/R/99/005.
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TABLE 4.2.RME

VALUES USED FOR DAILY INTAKE CALCULATIONS

REASONABLE MAXIMUM EXPOSURE

Site 47 Feasibility Study 

NSF-IH, Indian Head, Maryland

Scenario Timeframe: Future 

Medium:   Groundwater

Exposure Medium: Air

     

Exposure Route Receptor Population Receptor Age Exposure Point Parameter Parameter Definition Value Units Rationale/ Intake Equation/
Code Reference Model Name

Inhalation Resident Adult Upper Aquifer- Water 
Vapors at showerhead CW Chemical Concentration in Water See Table 3.2.RME µg/l See Table 3.2.RME Chronic Daily Intake (CDI) (mg/kg-day) =

InhExp Inhalation Exposure per Shower calculated mg/kg-shower InhExp x EF x ED x 1/AT

EF Exposure Frequency 350 days/year EPA, 1991 Foster & Chrostowski Shower Inhalation Model

ED Exposure Duration 24 years EPA, 1991 for InhExp

AT-C Averaging Time (Cancer) 25,550 days EPA, 1989

AT-N Averaging Time (Non-Cancer) 8,760 days EPA, 1989

Construction Worker Adult Upper Aquifer- Water 
Vapors at Excavation Pit CW Chemical Concentration in Water See Table 3.2.RME µg/l See Table 3.2.RME Chronic Daily Intake (CDI) (mg/kg-day) =

CA Chemical Concentration in Air calculated mg/m3 CA x IN x ET x EF x ED x 1/BW x 1/AT

IN Inhalation Rate 2.5 m3/hour EPA, 1991

ET Exposure Time 8 hr/day (1) CA calculated using two-film model

EF Exposure Frequency 125 days/year (2)
ED Exposure Duration 1 years EPA, 1991
BW Body Weight 70 kg EPA, 1991

AT-C Averaging Time (Cancer) 25,550 days EPA, 1989

AT-N Averaging Time (Non-Cancer) 365 days EPA, 1989

Notes:

(1)  Professional Judgement based on construction activities that would occur 8 hrs per day for the RME.

(2)  Assumed duration of construction project may be 1/2 a year.

Sources:

  EPA, 1989:  Risk Assessment Guidance for Superfund.  Vol.1:  Human Health Evaluation Manual, Part A.  OERR.  EPA/540/1-89/002.

  EPA, 1991:  Risk Assessment Guidance for Superfund.  Vol.1:  Human Health Evaluation Manual - Supplemental Guidance, Standard Default Exposure Factors.  Interim Final.  OSWER Directive 9285.6-03.

  EPA, 1997:  Exposure Factors Handbook. EPA/600/P-95/002Fa.
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TABLE 4.1.CTE

VALUES USED FOR DAILY INTAKE CALCULATIONS

CENTRAL TENDANCY

Site 47 Feasibility Study 

NSF-IH, Indian Head, Maryland

Scenario Timeframe: Future 

Medium:   Groundwater

Exposure Medium: Groundwater

     

Exposure Route Receptor Population Receptor Age Exposure Point Parameter Parameter Definition Value Units Rationale/ Intake Equation/
Code Reference Model Name

Ingestion Resident Adult Upper Aquifer-Tap Water CW Chemical Concentration in Water See Table 3.3.CT µg/l See Table 3.3.CT Chronic Daily Intake (CDI) (mg/kg-day) =

IR-W Ingestion Rate of Water 1.4 liters/day EPA, 1993 CW x IR-W x EF x ED x CF1 x 1/BW x 1/AT

EF Exposure Frequency 234 days/year EPA, 1993

ED Exposure Duration 9 years EPA, 1993

CF1 Conversion Factor  1 0.001 mg/µg - -

BW Body Weight 70 kg EPA, 1991

AT-C Averaging Time (Cancer) 25,550 days EPA, 1989

AT-N Averaging Time (Non-Cancer) 3,285 days EPA, 1989

Child Upper Aquifer-Tap Water CW Chemical Concentration in Water See Table 3.3.CT µg/l See Table 3.3.CT CDI (mg/kg-day) =

IR-W Ingestion Rate of Water 1 liters/day EPA, 1997 CW x IR-W x EF x ED x CF1 x 1/BW x 1/AT

EF Exposure Frequency 234 days/year EPA, 1993

ED Exposure Duration 6 years EPA, 1991

CF1 Conversion Factor  1 0.001 mg/µg - -

BW Body Weight 15 kg EPA, 1991

AT-C Averaging Time (Cancer) 25,550 days EPA, 1989

AT-N Averaging Time (Non-Cancer) 2,190 days EPA, 1989

Child/Adult Upper Aquifer-Tap Water CW Chemical Concentration in Water See Table 3.3.CT µg/l See Table 3.3.CT CDI (mg/kg-day) =

IR-W-A Ingestion Rate of Water, Adult 1.4 liters/day EPA, 1993 CW x IR-W-Adj x EF x CF1 x 1/AT

IR-W-C Ingestion Rate of Water, Child 1 liters/day EPA, 1997

IR-W-Adj Ingestion Rate of Water, Age-adjusted 0.58 liter-year/kg-day calculated IR-W-Adj (liter-year/kd-day) = 
EF Exposure Frequency 234 days/year EPA, 1993 (ED-C x IR-W-C / BW-C)  +  

ED-A Exposure Duration, Adult 9 years EPA, 1993 (ED-A x IR-W-A / BW-A)

ED-C Exposure Duration, Child 6 years EPA, 1991

CF1 Conversion Factor  1 0.001 mg/µg - -

BW-A Body Weight , Adult 70 kg EPA, 1991

BW-C Body Weight, Child 15 kg EPA, 1991

AT-C Averaging Time (Cancer) 25,550 days EPA, 1989
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TABLE 4.1.CTE

VALUES USED FOR DAILY INTAKE CALCULATIONS

CENTRAL TENDANCY

Site 47 Feasibility Study 

NSF-IH, Indian Head, Maryland

Scenario Timeframe: Future 

Medium:   Groundwater

Exposure Medium: Groundwater

     

Exposure Route Receptor Population Receptor Age Exposure Point Parameter Parameter Definition Value Units Rationale/ Intake Equation/
Code Reference Model Name

Dermal Resident Adult Upper Aquifer-Tap Water CW Chemical Concentration in Water See Table 3.3.CT µg/l See Table 3.3.CT CDI (mg/kg-day) =

DAevent Dermally Absorbed Dose per Event calculated mg/cm2-event calculated DAevent x SA x EV x EF x ED x 1/BW x 1/AT

FA Fraction absorbed water chemical specific dimensionless EPA, 2004

Kp Permeability Coefficient chemical specific cm/hr EPA, 2004 Inorganics:  DAevent (mg/cm2-event) = 

τ Lag Time chemical specific hr/event EPA, 2004 Kp x CW x tevent x CF1 x CF2

t* Time to Reach Steady-state chemical specific hours EPA, 2004

B Ratio of Permeability of Stratum Corneum 
to Epidermis chemical specific dimensionless EPA, 2004 Organics :

tevent Event Time 0.25 hr/event EPA, 2004 tevent<t*:  DAevent (mg/cm2-event) = 

SA Skin Surface Area Available for Contact 18,000 cm2 EPA, 2004 2 x FA x Kp x CW x (sqrt((6 x τ x tevent)/π))

EV Event Frequency 1 events/day EPA, 2004     x CF1 x CF2

EF Exposure Frequency 234 days/year EPA, 1993

ED Exposure Duration 9 years EPA, 2004 tevent>t*:  DAevent (mg/cm2-event) = 

BW Body Weight 70 kg EPA, 1991 FA x Kp x CW x ( tevent/(1+B) + 2 x τ x 

AT-C Averaging Time (Cancer) 25,550 days EPA, 1989     ((1 + 3B + 3B2)/(1+B)2)) x CF1 x CF2

AT-N Averaging Time (Non-Cancer) 3,285 days EPA, 1989

CF1 Conversion Factor 1 0.001 mg/µg - -

CF2 Conversion Factor 2 0.001 l/cm3 - -

Resident Child Upper Aquifer-Tap Water CW Chemical Concentration in Water See Table 3.3.CT µg/l See Table 3.3.CT CDI (mg/kg-day) =

DAevent Dermally Absorbed Dose per Event calculated mg/cm2-event calculated DAevent x SA x EV x EF x ED x 1/BW x 1/AT

FA Fraction absorbed water chemical specific dimensionless EPA, 2004

Kp Permeability Coefficient chemical specific cm/hr EPA, 2004 Inorganics:  DAevent (mg/cm2-event) = 

τ Lag Time chemical specific hr/event EPA, 2004 Kp x CW x tevent x CF1 x CF2

t* Time to Reach Steady-state chemical specific hours EPA, 2004

B Ratio of Permeability of Stratum Corneum 
to Epidermis chemical specific dimensionless EPA, 2004 Organics :

tevent Event Time 0.33 hr/event tevent<t*:  DAevent (mg/cm2-event) = 

SA Skin Surface Area Available for Contact 6,600 cm2 EPA, 2004 2 x FA x Kp x CW x (sqrt((6 x τ x tevent)/π))

EV Event Frequency 1 events/day EPA, 2004     x CF1 x CF2

EF Exposure Frequency 234 days/year EPA, 1993

ED Exposure Duration 6 years EPA, 2004 tevent>t*:  DAevent (mg/cm2-event) = 

BW Body Weight 15 kg EPA, 1991 FA x Kp x CW x ( tevent/(1+B) + 2 x τ x 

AT-C Averaging Time (Cancer) 25,550 days EPA, 1989     ((1 + 3B + 3B2)/(1+B)2)) x CF1 x CF2

AT-N Averaging Time (Non-Cancer) 2,190 days EPA, 1989

CF1 Conversion Factor 1 0.001 mg/µg - -

CF2 Conversion Factor 2 0.001 l/cm3 - -
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TABLE 4.1.CTE

VALUES USED FOR DAILY INTAKE CALCULATIONS

CENTRAL TENDANCY

Site 47 Feasibility Study 

NSF-IH, Indian Head, Maryland

Scenario Timeframe: Future 

Medium:   Groundwater

Exposure Medium: Groundwater

     

Exposure Route Receptor Population Receptor Age Exposure Point Parameter Parameter Definition Value Units Rationale/ Intake Equation/
Code Reference Model Name

Dermal Resident Child/Adult Upper Aquifer-Tap Water CW Chemical Concentration in Water See Table 3.3.CT µg/l See Table 3.3.CT CDI (mg/kg-day) = DA-Adj x EF x 1/AT

DAevent-A Dermally Absorbed Dose per Event, Adult calculated mg/cm2-event calculated

DAevent-C Dermally Absorbed Dose per Event, Child calculated mg/cm2-event calculated DA-Adj = (Daevent-A x SA-A x ED-A x 1/BW-A)

DA-Adj Dermally Absorbed Dose, Age-adjusted calculated mg-year/event-kg calculated + (Daevent-C x SA-C x ED-C x 1/BW-C)
FA Fraction absorbed water chemical specific dimensionless EPA, 2004

Kp Permeability Coefficient chemical specific cm/hr EPA, 2004 Inorganics:  DAevent (mg/cm2-event) = 

τ Lag Time chemical specific hr/event EPA, 2004 Kp x CW x tevent x CF1 x CF2

t* Time to Reach Steady-state chemical specific hours EPA, 2004

B Ratio of Permeability of Stratum Corneum 
to Epidermis chemical specific dimensionless EPA, 2004 Organics : 

tevent-A Event Time, Adult 0.25 hr/event EPA, 2004 tevent<t*:  DAevent (mg/cm2-event) = 

tevent-C Event Time, Child 0.33 hr/event EPA, 2004 2 x FA x Kp x CW x (sqrt((6 x τ x tevent)/π))

SA-A Skin Surface Area, Adult 18,000 cm2 EPA, 2004     x CF1 x CF2

SA-C Skin Surface Area, Child 6,600 cm2 EPA, 2004

EV Event Frequency 1 events/day EPA, 2004 tevent>t*:  DAevent (mg/cm2-event) = 

EF Exposure Frequency 234 days/year EPA, 1993 FA x Kp x CW x ( tevent/(1+B) + 2 x τ x 

ED-A Exposure Duration, Adult 9 years EPA, 2004     ((1 + 3B + 3B2)/(1+B)2)) x CF1 x CF2

ED-C Exposure Duration, Child 6 years EPA, 2004

BW-A Body Weight, Adult 70 kg EPA, 1991

BW-C Body Weight, Child 15 ke EPA, 1991

AT-C Averaging Time (Cancer) 25,550 days EPA, 1989

CF1 Conversion Factor 1 0.001 mg/µg - -

CF2 Conversion Factor 2 0.001 l/cm3 - -
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TABLE 4.1.CTE

VALUES USED FOR DAILY INTAKE CALCULATIONS

CENTRAL TENDANCY

Site 47 Feasibility Study 

NSF-IH, Indian Head, Maryland

Scenario Timeframe: Future 

Medium:   Groundwater

Exposure Medium: Groundwater

     

Exposure Route Receptor Population Receptor Age Exposure Point Parameter Parameter Definition Value Units Rationale/ Intake Equation/
Code Reference Model Name

Construction Worker Adult
Upper Aquifer-Shallow 
groundwater beneath 

disposal area CW Chemical Concentration in Water
See Table 3.3.CT µg/l See Table 3.3.CT

CDI (mg/kg-day) =
DAevent Dermally Absorbed Dose per Event calculated mg/cm2-event calculated DAevent x SA x EV x EF x ED x 1/BW x 1/AT

FA Fraction absorbed water chemical specific dimensionless EPA, 2004

Kp Permeability Coefficient chemical specific cm/hr EPA, 2004 Inorganics:  DAevent (mg/cm2-event) = 

τ Lag Time chemical specific hr/event EPA, 2004 Kp x CW x tevent x CF1 x CF2

t* Time to Reach Steady-state chemical specific hours EPA, 2004

B Ratio of Permeability of Stratum Corneum 
to Epidermis chemical specific dimensionless EPA, 2004 Organics :

tevent Event Time 4 hr/day (1) tevent<t*:  DAevent (mg/cm2-event) = 

SA Skin Surface Area Available for Contact 6,000 cm2 EPA, 1997, (3) 2 x FA x Kp x CW x (sqrt((6 x τ x tevent)/π))

EV Event Frequency 1 events/day EPA, 2004     x CF1 x CF2

EF Exposure Frequency 125 days/year (2)
ED Exposure Duration 1 years EPA, 1991 tevent>t*:  DAevent (mg/cm2-event) = 

BW Body Weight 70 kg EPA, 1991 FA x Kp x CW x ( tevent/(1+B) + 2 x τ x 

AT-C Averaging Time (Cancer) 25,550 days EPA, 1989     ((1 + 3B + 3B2)/(1+B)2)) x CF1 x CF2

AT-N Averaging Time (Non-Cancer) 365 days EPA, 1989

CF1 Conversion Factor 1 0.001 mg/µg - -

CF2 Conversion Factor 2 0.001 l/cm3 - -

(1)  Professional judgement assuming 1/2 RME value for CT.

(2)  Assumed duration of construction project may be 1/2 a year.

(3)  Skin surface area in contact with groundwater assumed to be 30 percent of total surface area (hands, forearms, lower legs, and feet). 

Sources:

  EPA, 1989:  Risk Assessment Guidance for Superfund.  Vol.1:  Human Health Evaluation Manual, Part A.  OERR.  EPA/540/1-89/002.

  EPA, 1991:  Risk Assessment Guidance for Superfund.  Vol.1:  Human Health Evaluation Manual - Supplemental Guidance, Standard Default Exposure Factors.  Interim Final.  OSWER Directive 9285.6-03.

  EPA, 1993:  Superfund's Standard Default Exposure Factors for the Central Tendency and Reasonable Maximum Exposure.

  EPA, 1997:  Exposure Factors Handbook. EPA/600/P-95/002Fa.

  EPA, 2004:  Risk Assessment Guidance for Superfund.  Vol.1:  Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment) Final.  EPA/540/R/99/005.
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TABLE 4.2.CTE

VALUES USED FOR DAILY INTAKE CALCULATIONS

CENTRAL TENDANCY

Site 47 Feasibility Study 

NSF-IH, Indian Head, Maryland

Scenario Timeframe: Future 

Medium:   Groundwater

Exposure Medium: Air

     

Exposure Route Receptor Population Receptor Age Exposure Point Parameter Parameter Definition Value Units Rationale/ Intake Equation/
Code Reference Model Name

Inhalation Resident Adult Upper Aquifer- Water 
Vapors at showerhead CW Chemical Concentration in Water See Table 3.4.CT µg/l See Table 3.4.CT Chronic Daily Intake (CDI) (mg/kg-day) =

InhExp Inhalation Exposure per Shower calculated mg/kg-shower InhExp x EF x ED x 1/AT

EF Exposure Frequency 234 days/year EPA, 1993 Foster & Chrostowski Shower Inhalation Model

ED Exposure Duration 9 years EPA, 1993 for InhExp

AT-C Averaging Time (Cancer) 25,550 days EPA, 1989

AT-N Averaging Time (Non-Cancer) 3,285 days EPA, 1989

Construction Worker Adult Upper Aquifer- Water 
Vapors at Excavation Pit CW Chemical Concentration in Water See Table 3.4.CT µg/l See Table 3.4.CT Chronic Daily Intake (CDI) (mg/kg-day) =

CA Chemical Concentration in Air calculated mg/m3 CA x IN x ET x EF x ED x 1/BW x 1/AT

IN Inhalation Rate 2.5 m3/hour EPA, 1991

ET Exposure Time 4 hr/day (1) CA calculated using two-film model

EF Exposure Frequency 125 days/year (2)
ED Exposure Duration 1 years EPA, 1991
BW Body Weight 70 kg EPA, 1991

AT-C Averaging Time (Cancer) 25,550 days EPA, 1989

AT-N Averaging Time (Non-Cancer) 365 days EPA, 1989

Notes:

(1)  Professional Judgement assuming 1/2 the RME value for the CT.

(2)  Assumed duration of construction project may be 1/2 a year.

Sources:

  EPA, 1989:  Risk Assessment Guidance for Superfund.  Vol.1:  Human Health Evaluation Manual, Part A.  OERR.  EPA/540/1-89/002.

  EPA, 1991:  Risk Assessment Guidance for Superfund.  Vol.1:  Human Health Evaluation Manual - Supplemental Guidance, Standard Default Exposure Factors.  Interim Final.  OSWER Directive 9285.6-03.

  EPA, 1993:  Superfund's Standard Default Exposure Factors for the Central Tendency and Reasonable Maximum Exposure.

  EPA, 1997:  Exposure Factors Handbook. EPA/600/P-95/002Fa.
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Chemical Chronic/ Oral RfD Oral RfD Oral to Dermal Adjusted Units Primary Combined Sources of RfD: Dates of RfD:

of  Potential Subchronic Value Units Adjustment Dermal Target Uncertainty/Modifying Target Organ Target Organ  (3)

Concern Factor (1) RfD (2) Organ Factors (MM/DD/YY)

Aluminum Chronic 1.0E+00 mg/kg-day NA 1.0E+00 mg/kg-day Neurological 100 PPRTV 06/22/04
Subchronic NA NA NA NA NA NA NA NA NA

Arsenic Chronic 3.0E-04 mg/kg-day 95% 3.0E-04 mg/kg-day Skin/vascular 3/1 IRIS 12/21/04

Subchronic 3.0E-04 mg/kg-day 95% 3.0E-04 mg/kg-day Skin/vascular 3 HEAST 07/01/97

Barium Chronic 7.0E-02 mg/kg-day 7% 4.9E-03 mg/kg-day Kidney 3/1 IRIS 12/21/04

Subchronic 7.0E-02 mg/kg-day 7% 4.9E-03 mg/kg-day Cardiovascular 3 HEAST 07/01/97

Benzene Chronic 4.0E-03 mg/kg/day NA 4.0E-03 mg/kg/day Blood, Immune 300/1 IRIS 12/21/04

Subchronic 3.0E-03 mg/kg/day NA 3.0E-03 mg/kg/day Blood 3000 NCEA 07/08/98

Beryllium Chronic 2.0E-03 mg/kg-day 0.7% 1.4E-05 mg/kg-day Gastrointestinal 300/1 IRIS 12/21/04

Subchronic 5.0E-03 mg/kg-day 0.7% 3.5E-05 mg/kg-day Gastrointestinal 100 HEAST 07/01/97

bis(2-Ethylhexyl)phthalate) Chronic 2.0E-02 mg/kg-day NA 2.0E-02 mg/kg-day Liver 1000/1 IRIS 12/21/04

Subchronic 2.0E-02 mg/kg-day NA 2.0E-02 mg/kg-day Reproductive 3000 NCEA 03/28/96

Bromochloromethane Chronic NA NA NA NA NA NA NA NA 12/13/04

Bromodichloromethane Chronic 2.0E-02 mg/kg-day NA 2.0E-02 mg/kg-day Kidney 1000/1 IRIS 12/21/04

Subchronic 2.0E-02 mg/kg-day NA 2.0E-02 mg/kg-day Kidney 1000 HEAST 07/01/97

Cadmium (water) Chronic 5.0E-04 mg/kg-day 5.0% 2.5E-05 mg/kg-day Kidney 10/1 IRIS 12/21/04

     (for water and air) Subchronic NA NA NA NA NA NA NA NA NA

Carbon disulfide Chronic 1.0E-01 mg/kg-day NA 1.0E-01 mg/kg-day Fetus 100 IRIS 12/21/04

Subchronic 1.0E-01 mg/kg-day NA 1.0E-01 mg/kg-day Fetus 100 HEAST 07/01/97

Carbon Tetrachloride Chronic 7.0E-04 mg/kg-day NA 7.0E-04 mg/kg-day Liver 1000/1 IRIS 12/21/04

Subchronic NA NA NA NA NA NA NA NA NA

Chloroform Chronic 1.0E-02 mg/kg-day NA 1.0E-02 mg/kg-day Liver 1000/1 IRIS 12/21/04

Subchronic 1.0E-02 mg/kg-day NA 1.0E-02 mg/kg-day Liver 1000 HEAST 07/01/97

Chromium (hexavalent) Chronic 3.0E-03 mg/kg-day 2.5% 7.5E-05 mg/kg-day Not identified 300/3 IRIS 12/21/04

Subchronic 2.0E-02 mg/kg-day 2.5% 5.0E-04 mg/kg-day Not identified 100 HEAST 07/01/97

Cobalt Chronic 2.0E-02 mg/kg-day NA 2.0E-02 mg/kg-day Blood 10 PPRTV 06/22/04

Subchronic NA mg/kg-day NA NA mg/kg-day NA NA NA NA

Cyanide Chronic 2.0E-02 mg/kg-day NA 2.0E-02 mg/kg-day Whole body 100/5 IRIS 12/21/04

Subchronic 2.0E-02 mg/kg-day NA 2.0E-02 mg/kg-day Whole body 500 HEAST 07/01/97

1,2-Dichloroethane Chronic 2.0E-02 mg/kg-day NA 2.0E-02 mg/kg-day Liver 1000 NCEA 04/05/93

Subchronic NA NA NA NA NA NA NA NA NA

cis-1,2-Dichloroethene Chronic 1.0E-02 mg/kg/day NA 1.0E-02 mg/kg/day Blood 3000 PPRTV 04/26/04

Subchronic 1.0E-01 mg/kg/day NA 1.0E-01 mg/kg/day Blood 300 PPRTV 04/26/04

trans-1,2-Dichloroethene Chronic 2.0E-02 mg/kg-day NA 2.0E-02 mg/kg-day Blood 1000/1 IRIS 12/21/04

Subchronic 2.0E-01 mg/kg-day NA 2.0E-01 mg/kg-day Blood 100 HEAST 07/01/97

Iron Chronic 3.0E-01 mg/kg/day NA 3.0E-01 mg/kg/day
Gastrointestinal, 

Blood, Liver 1 NCEA 01/05/99

Subchronic NA NA NA NA NA NA NA NA NA

Lead Chronic NA mg/kg-day NA NA mg/kg-day NA NA NA NA

NSF-IH, Indian Head, Maryland

Site 47 Feasibility Study 

NON-CANCER TOXICITY DATA -- ORAL/DERMAL

TABLE 5.1



Chemical Chronic/ Oral RfD Oral RfD Oral to Dermal Adjusted Units Primary Combined Sources of RfD: Dates of RfD:

of  Potential Subchronic Value Units Adjustment Dermal Target Uncertainty/Modifying Target Organ Target Organ  (3)

Concern Factor (1) RfD (2) Organ Factors (MM/DD/YY)

NSF-IH, Indian Head, Maryland

Site 47 Feasibility Study 

NON-CANCER TOXICITY DATA -- ORAL/DERMAL

TABLE 5.1

Subchronic NA mg/kg-day NA NA mg/kg-day NA NA NA NA
Manganese (nonfood) Chronic 2.0E-02 mg/kg-day 4% 8.0E-04 mg/kg-day CNS 1/1 IRIS 12/21/04

Subchronic NA mg/kg-day NA NA mg/kg-day NA NA NA NA

Manganese (food) Chronic 1.4E-01 mg/kg-day 4% 5.6E-03 mg/kg-day CNS 1/1 IRIS 12/21/04

Subchronic NA mg/kg-day NA NA mg/kg-day NA NA NA NA

Naphthalene Chronic 2.0E-02 mg/kg-day NA 2.0E-02 mg/kg-day
Decreased Body 

Weight 3000/1 IRIS 12/21/04
Subchronic NA NA NA NA NA NA NA NA NA

Nickel Chronic 2.0E-02 mg/kg-day 4% 8.0E-04 mg/kg-day
Decreased Body 

Weight 300/1 IRIS 12/21/04
Subchronic 2.0E-02 mg/kg-day 4% 8.0E-04 mg/kg-day Whole body 300 HEAST 07/01/97

1,1,2,2-Tetrachloroethane Chronic 6.0E-02 mg/kg-day NA 6.0E-02 mg/kg-day Liver and Kidney NA PPRTV 04/26/04

Subchronic NA NA NA NA NA NA NA NA NA

Tetrachloroethene Chronic 1.0E-02 mg/kg-day NA 1.0E-02 mg/kg-day Liver/whole body 1000/1 IRIS 12/21/04

Subchronic 1.0E-01 mg/kg-day NA 1.0E-01 mg/kg-day Liver/whole body 100 HEAST 07/01/97

Thallium Chronic 7.0E-05 mg/kg-day 100% 7.0E-05 mg/kg-day Liver, Blood, Hair NA RBC 10/08/04

Subchronic NA NA 100% NA NA NA NA NA NA

1,1,2-Trichloroethane Chronic 4.0E-03 mg/kg-day NA 4.0E-03 mg/kg-day Blood 1000/1 IRIS 12/21/04

Subchronic 4.0E-02 mg/kg-day NA 4.0E-02 mg/kg-day Blood 100 HEAST 07/01/97

Trichloroethene Chronic 6.0E-03 mg/kg-day NA 6.0E-03 mg/kg-day Liver 3000 NCEA 03/05/92

Subchronic NA NA NA NA NA NA NA NA NA

Trichloroethene Chronic 3.0E-04 mg/kg-day NA 3.0E-04 mg/kg-day Liver, Kidney, Fetus 3000 NCEA 08/01/01

Subchronic NA NA NA NA NA NA NA NA NA
Vanadium Chronic 1.0E-03 mg/kg-day 2.6% 2.6E-05 mg/kg-day Kidney 300 NCEA 05/01/00

Subchronic 7.0E-03 mg/kg-day 2.6% 1.8E-04 mg/kg-day Lifetime 100 HEAST 07/01/97
Vinyl chloride Chronic 3.0E-03 mg/kg-day NA 3.0E-03 mg/kg-day Liver 30/1 IRIS 12/21/04

Subchronic NA NA NA NA NA NA NA NA NA

NA = Not Applicable or Not Available.  

(1)  Source: Risk Assessment Guidance for Superfund. Volume 1:  Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment (Final). 

       Section 4.2 and Exhibit 4-1.  USEPA recommends that the oral RfD should not be adjusted to estimate the absorbed dose for compounds when the absorption efficiency is greater than 50%.

       Constituents that do not have oral absorption efficiencies reported on this table were assumed to have an oral absorption efficiency of 100%.

     IRIS = Integrated Risk Information System CNS = Central Nervous System

     HEAST= Health Effects Assessment Summary Tables

     NCEA = National Center for Environmental Assessment

(2)  Provide equation for derivation in text.

(3)  For IRIS values, provide the date IRIS was searched.

       For HEAST values, provide the date of HEAST.

       For NCEA values, provide the date of the article provided by NCEA.



  

Chemical Chronic/ Value Units Adjusted Units Primary Combined Sources of Dates (3)

of  Potential Subchronic Inhalation Inhalation Target Uncertainty/Modifying RfC:RfD: (MM/DD/YY)

Concern RfC RfD (1) Organ Factors Target Organ

(2)

Aluminum Chronic 3.50E-03 mg/m3 1.00E-03 mg/kg-day Neurological 300 PPRTV 06/22/04
Subchronic NA NA NA NA NA NA NA NA

Arsenic Chronic NA NA NA NA NA NA IRIS 12/21/04
Subchronic NA NA NA NA NA NA NA NA

Barium Chronic 4.90E-04 mg/m3 1.4E-04 mg/kg-day Fetotoxicity 1000 HEAST- Alt 07/01/97
Subchronic 5.00E-03 mg/m3 1.4E-03 mg/kg-day Fetotoxicity 100 HEAST 07/01/97

Benzene Chronic 3.01E-02 mg/m3 8.6E-03 mg/kg-day Blood, Immune 300/1  IRIS 12/21/04
Subchronic 6.0E-02 mg/m3 1.7E-02 mg/kg-day Blood 100 NCEA 07/02/96

Beryllium Chronic 2.00E-02 mg/m3 5.70E-06 mg/kg-day spiratory / Chronic beryllium disea 10/1 IRIS 12/21/04
Subchronic NA NA NA NA NA NA NA NA

bis(2-Ethylhexyl)phthalate Chronic NA mg/m3 NA mg/kg-day NA NA IRIS 12/21/04
Subchronic NA mg/m3 NA mg/kg-day NA NA NA NA

Bromochloromethane Chronic NA NA NA NA NA NA IRIS 12/14/04
Bromodichloromethane Chronic NA NA NA NA NA NA IRIS 12/21/04

Subchronic NA NA NA NA NA NA NA NA
Cadmium Chronic 2.00E-04 mg/m3 5.70E-05 mg/kg-day Kidney NA NCEA 12/29/03

Subchronic 9.00E-04 mg/m3 2.60E-04 mg/kg-day Kidney NA NCEA 12/29/03
Carbon disulfide Chronic 7.00E-01 mg/m3 2.00E-01 mg/kg-day Nervous System 30 IRIS 12/21/04

Subchronic 7.00E-01 mg/m3 2.00E-01 mg/kg-day Nervous System 30 HEAST 2/28/2000
Carbon tetrachloride Chronic 2.00E-03 mg/m3 5.71E-04 mg/kg-day Liver NA NCEA

Subchronic NA NA NA NA NA NA NA NA
Chloroform Chronic 4.90E-02 mg/m3 1.40E-02 mg/kg-day Liver NA NCEA 01/22/03

Subchronic 3.00E-03 mg/m3 8.60E-04 mg/kg-day Liver 100 NCEA 12/01/97
Chromium (hexavalent) Chronic 1.00E-04 mg/m3 3.00E-05 mg/kg-day Respiratory System 300/1 IRIS 12/21/04

Subchronic 4.00E-06 mg/m3 1.14E-06 mg/kg-day Respiratory System 100 NCEA 05/14/93
Cobalt Chronic 2.00E-05 mg/m3 5.70E-06 mg/kg-day Respiratory System 100 PPRTV 06/22/04

Subchronic NA mg/m3 NA mg/kg-day NA NA NA NA
Cyanide Chronic NA NA NA NA NA NA NA NA

Subchronic NA NA NA NA NA NA NA NA
1,2-Dichloroethane Chronic 4.90E-03 mg/m3 1.40E-03 mg/kg-day Liver & Kidney 10 NCEA 04/05/93

Subchronic NA NA NA NA NA NA NA NA
cis-1,2-Dichloroethene Chronic NA NA NA NA NA NA IRIS 12/21/04

Subchronic NA NA NA NA NA NA NA NA
trans-1,2-Dichloroethene Chronic NA NA NA NA NA

Subchronic NA NA NA NA NA NA NA NA
Iron Chronic NA mg/m3 NA mg/kg-day NA NA IRIS 12/21/04

Subchronic NA mg/m3 NA mg/kg-day NA NA NA NA
Lead Chronic NA mg/m3 NA mg/kg-day NA NA IRIS 12/21/04

Subchronic NA mg/m3 NA mg/kg-day NA NA NA NA

Manganese Chronic 5.01E-05 mg/m3 1.43E-05 mg/kg-day CNS 1000/1 IRIS 12/21/04
Subchronic NA mg/m3 NA mg/kg-day NA NA NA NA

NSF-IH, Indian Head, Maryland

TABLE 5.2

NON-CANCER TOXICITY DATA -- INHALATION

Site 47 Feasibility Study 



  

Chemical Chronic/ Value Units Adjusted Units Primary Combined Sources of Dates (3)

of  Potential Subchronic Inhalation Inhalation Target Uncertainty/Modifying RfC:RfD: (MM/DD/YY)

Concern RfC RfD (1) Organ Factors Target Organ

(2)

NSF-IH, Indian Head, Maryland

TABLE 5.2

NON-CANCER TOXICITY DATA -- INHALATION

Site 47 Feasibility Study 

Naphthalene Chronic 3.15E-03 mg/m3 9.0E-04 mg/kg-day Respiratory System 3000/1 IRIS 12/21/04
Subchronic NA NA NA NA NA NA NA NA

Nickel Chronic NA mg/m3 NA mg/kg-day NA NA IRIS 12/21/04
Subchronic NA NA NA NA NA NA NA NA

1,1,2,2-Tetrachloroethane Chronic NA NA NA NA NA NA IRIS 12/21/04
Subchronic NA NA NA NA NA NA NA NA

Tetrachloroethene Chronic 4.90E-01 mg/m3 1.4E-01 mg/kg-day Kidney, Liver NA NCEA 06/20/97

Subchronic NA NA NA NA NA NA NA NA
Thallium Chronic NA mg/m3 NA mg/kg-day NA NA IRIS 12/21/04

Subchronic NA mg/m3 NA mg/kg-day NA NA NA NA
1,1,2-Trichloroethane Chronic NA NA NA NA NA NA NA NA

Subchronic NA NA NA NA NA NA NA NA
Trichloroethene Chronic NA NA NA NA NA NA NA NA

Subchronic NA NA NA NA NA NA NA NA
Trichloroethene Chronic 3.50E-02 mg/m3 1.0E-02 mg/kg-day CNS, Liver, Endocrine system 1000 NCEA 08/01/01

Subchronic NA NA NA NA NA NA NA NA
Vanadium Chronic NA NA NA NA NA NA IRIS 12/21/04

Subchronic NA NA NA NA NA NA NA NA

Vinyl chloride Chronic 9.80E-02 mg/m3 2.8E-02 mg/kg-day Liver 30/1 IRIS 12/21/04

Subchronic NA NA NA NA NA NA NA NA

NA = Not Applicable

(1)  Provide equation used for derivation in text. IRIS = Integrated Risk Information System
(2)  HEAST, Alternative Methods used as source of barium values. HEAST= Health Effects Assessment Summary Tables

     Chromium and cadmium values were withdrawn from HEAST, but available in Region III RBC Table. NCEA = National Center for Environmental Assessment

(3)  For IRIS values, provide the date IRIS was searched. CNS - Central Nervous System

       For HEAST values, provide the date of HEAST.

       For NCEA values, provide the date of the article provided by NCEA.



      

TABLE 6.1

CANCER TOXICITY DATA -- ORAL/DERMAL

Site 47 Feasibility Study

NSF-IH, Indian Head, Maryland

Chemical Oral Cancer Oral to Dermal Adjusted Dermal Units EPA Source Date (2)

of Potential Slope Factor Adjustment Cancer Slope Factor (1) Carcinogen (MM/DD/YY)

Concern  Factor Group
   

Aluminum NA NA NA NA NA NCEA 8/26/1996

Arsenic 1.5E+00 95% 1.5E+00 (mg/kg-day) -1 A IRIS 12/21/2004

Barium NA 7% NA NA D IRIS 12/21/2004

Benzene 5.5E-02 NA 5.5E-02 (mg/kg-day) -1 A IRIS 12/21/2004

Beryllium NA 0.7% NA NA NA NA NA

bis(2-Ethylhexyl)phthalate) 1.4E-02 NA 1.4E-02 (mg/kg-day) -1 B2 IRIS 12/21/2004

Bromochloromethane NA NA NA NA D IRIS 12/21/2004

Bromodichloromethane 6.2E-02 NA 6.2E-02 (mg/kg-day) C IRIS 12/21/2004

Cadmium NA 5% NA NA B1 IRIS 12/21/2004

Carbon disulfide NA NA NA NA NA NA NA

Carbon tetrachloride 1.3E-01 NA 1.3E-01 (mg/kg-day) -1 B2 IRIS 12/21/2004

Chloroform NA NA NA NA B1 IRIS 12/21/2004

Chromium (hexavalent) NA 2.5% NA NA D IRIS 12/21/2004

Cobalt NA NA NA NA NA NA NA

Cyanide NA NA NA NA NA NA NA

1,2-Dichloroethane 9.1E-02 NA 9.1E-02 (mg/kg-day) -1 B2 IRIS 12/21/2004

cis-1,2-Dichloroethene NA NA NA NA NA NA NA

trans-1,2-Dichloroethene NA NA NA NA NA NA NA

Iron NA NA NA NA NA NCEA 7/23/1996

Lead NA NA NA NA NA NA NA

Manganese (nonfood) NA 4% NA NA D IRIS 12/21/2004

Naphthalene NA NA NA NA C IRIS 12/21/2004

Nickel NA NA NA NA NA NA NA

1,1,2,2-Tetrachloroethane 2.0E-01 NA 2.0E-01 (mg/kg-day) -1 C IRIS 12/21/2004

Tetrachloroethene 5.4E-01 NA 5.4E-01 (mg/kg-day) -1 NA CalEPA 4/26/2004

Thallium NA NA NA NA NA NA NA

1,1,2-Trichloroethane 5.7E-02 NA 5.7E-02 (mg/kg-day) -1 C IRIS 12/21/2004

Trichloroethene 1.1E-02 NA 1.1E-02 (mg/kg-day) -1 B2 - C NCEA

Trichloroethene 4.0E-01 NA 4.0E-01 (mg/kg-day) -1 B2 - C NCEA 8/1/2001

Vanadium NA NA NA NA NA IRIS 12/21/2004

Vinyl Chloride - inc. early life 1.4E+00 NA 1.4E+00 (mg/kg-day) -1 A IRIS 12/21/2004

Vinyl Chloride - adult 7.2E-01 NA 7.2E-01 (mg/kg-day) -1 A IRIS 12/21/2004



Notes:

NA-Not available EPA Carcinogen Group:

IRIS = Integrated Risk Information System      A - Human carcinogen

HEAST= Health Effects Assessment Summary Tables      B1 - Probable human carcinogen - indicates that limited human data are available

NCEA = National Center for Environmental Assessment      B2 - Probable human carcinogen - indicates sufficient evidence in animals and 

                  inadequate or no evidence in humans 

     C - Possible human carcinogen

     D - Not classifiable as a human carcinogen

     E - Evidence of noncarcinogenicity

(1)  Source: Risk Assessment Guidance for Superfund. Volume 1:  Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment (Final). 

       Section 4.2 and Exhibit 4-1.  USEPA recommends that the oral RfD should not be adjusted to estimate the absorbed dose for compounds when the absorption efficiency is greater than 50%.

(2)  For IRIS values, provide the date IRIS was searched.

       For HEAST values, provide the date of HEAST.

       For NCEA values, provide article date provided by NCEA.

       For RBC values, provide the date of last change in the Tables.



     

TABLE 6.2

CANCER TOXICITY DATA -- INHALATION

Site 47 Feasibility Study 

Chemical Unit Risk Units Adjustment (1) Inhalation Cancer Units Weight of Evidence/ Source Date (2)

of Potential  Slope Factor Cancer Guidance  (MM/DD/YY)

Concern Description

 

Aluminum NA NA NA NA NA NA NA NA

Arsenic 4.0E-03 (ug/m3) -1 3500 1.5E+01 (mg/kg-day) -1 A IRIS 12/21/2004

Barium NA NA NA NA NA D IRIS 12/21/2004

Benzene 8.2E-06 (ug/m3) -1 3500 2.7E-02 (mg/kg-day) -1 A IRIS 12/21/2004

Beryllium 2.4E-03 (ug/m3) -1 3500 8.4E+00 (mg/kg-day) -1 B1 IRIS 12/21/2004

bis(2-Ethylhexyl)phthalate) 4.0E-06 (ug/m3) -1 3500 1.4E-02 (mg/kg-day) -1 B2 NCEA 8/30/2000

Bromochloromethane NA NA NA NA NA NA NA NA

Bromodichloromethane NA NA NA NA NA NA NA NA

Cadmium 1.8E-03 (ug/m3) -1 3500 6.3E+00 (mg/kg-day) -1 B1 IRIS 12/21/2004

Carbon disulfide NA NA NA NA NA NA NA NA

Carbon tetrachloride 1.5E-05 (ug/m3) -1 3500 5.3E-02 (mg/kg-day) -1 B2 IRIS 12/21/2004

Chloroform 2.3E-05 (ug/m3) -1 3500 8.1E-02 (mg/kg-day) -1 B2 IRIS 12/21/2004

Chromium (hexavalent) 1.2E-02 (ug/m3) -1 3500 4.1E+01 (mg/kg-day) -1 A IRIS 12/21/2004

Cobalt 2.8E-03 (ug/m3) -1 3500 9.8E+00 (mg/kg-day) -1 B1 PPRTV 6/22/2004

Cyanide NA NA NA NA NA D IRIS 12/21/2004

1,2-Dichloroethane 2.6E-05 (ug/m3) -1 3500 9.1E-02 (mg/kg-day) -1 B2 IRIS 12/21/2004

cis-1,2-Dichloroethene NA NA NA NA NA NA NA NA

trans-1,2-Dichloroethene NA NA NA NA NA NA NA NA

Iron NA NA NA NA NA NA NCEA 7/23/1996

Lead NA NA NA NA NA NA NA NA

Manganese NA NA NA NA NA D IRIS 12/21/2004

Naphthalene NA NA NA NA NA NA NA NA

Nickel NA NA NA NA NA NA NA NA

1,1,2,2-Tetrachloroethane 5.7E-05 (ug/m3) -1 3500 2.0E-01 (mg/kg-day) -1 C IRIS 12/21/2004

Tetrachloroethene 5.7E-06 (ug/m3) -1 3500 2.0E-02 (mg/kg-day) -1 NA CalEPA 4/26/2004

Thallium NA NA NA NA NA NA NA NA

1,1,2-Trichloroethane 1.6E-05 (ug/m3) -1 3500 5.6E-02 (mg/kg-day) -1 C IRIS 12/21/2004

Trichloroethene 1.7E-06 (ug/m3) -1 3500 6.0E-03 (mg/kg-day) -1 B2 -C NCEA

Trichloroethene 1.1E-04 (ug/m3) -1 3500 4.0E-01 (mg/kg-day) -1 NA NCEA 8/1/2001

Vanadium NA NA NA NA NA D IRIS 12/21/2004

Vinyl chloride (lifetime from adult) 4.4E-06 (ug/m3) -1 3500 1.5E-02 (mg/kg-day) -1 A IRIS 12/21/2004

NSF-IH, Indian Head, Maryland



     

TABLE 6.2

CANCER TOXICITY DATA -- INHALATION

Site 47 Feasibility Study 

Chemical Unit Risk Units Adjustment (1) Inhalation Cancer Units Weight of Evidence/ Source Date (2)

of Potential  Slope Factor Cancer Guidance  (MM/DD/YY)

Concern Description

 

NSF-IH, Indian Head, Maryland

Vinyl chloride (lifetime from birth) 8.8E-06 (ug/m3) -1 3500 3.1E-02 (mg/kg-day) -1 A IRIS 12/21/2004

IRIS = Integrated Risk Information System EPA Group:

HEAST= Health Effects Assessment Summary Tables A - Human carcinogen

NCEA = National Center for Environmental Assessment B1 - Probable human carcinogen - indicates that limited human data are available

B2 - Probable human carcinogen - indicates sufficient evidence in animals and 

NA = Not Available          inadequate or no evidence in humans 

C - Possible human carcinogen

(1)  Adjustment Factor applied to Unit Risk to calculate Inhalation Slope Factor = D - Not classifiable as a human carcinogen

      70kg x 1/20m3/day x 1000ug/mg E - Evidence of noncarcinogenicity

(2)  For IRIS values, provide the date IRIS was searched.  

       For HEAST values, provide the date of HEAST.

       For NCEA values, provide the date of the article provided by NCEA.  

       For RBC values, provide the date of last change in the Tables.  



TABLE 7.1.RME

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURE

Site 47 Feasibility Study 

NSF-IH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population: Resident

Receptor Age:  Adult

Medium
Exposure 
Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern
Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Groundwater Groundwater Ingestion 1,1,2,2-Tetrachloroethane 8.0E+00 ug/L NA NA 2.0E-01 1/(mg/kg/day) NA 2.2E-04 mg/kg/day 6.0E-02 mg/kg/day 3.7E-03

1,1,2-Trichloroethane 1.0E+00 ug/L NA NA 5.7E-02 1/(mg/kg/day) NA 2.7E-05 mg/kg/day 4.0E-03 mg/kg/day 6.8E-03

1,2-Dichloroethane 6.1E+01 ug/L NA NA 9.1E-02 1/(mg/kg/day) NA 1.7E-03 mg/kg/day 2.0E-02 mg/kg/day 8.4E-02

Benzene 5.0E+00 ug/L NA NA 5.5E-02 1/(mg/kg/day) NA 1.4E-04 mg/kg/day 4.0E-03 mg/kg/day 3.4E-02

Bromochloromethane 1.8E-01 ug/L NA NA NA NA NA 4.9E-06 mg/kg/day NA NA NA

Bromodichloromethane 1.0E+00 ug/L NA NA 6.2E-02 1/(mg/kg/day) NA 2.7E-05 mg/kg/day 2.0E-02 mg/kg/day 1.4E-03

Carbon disulfide 9.4E+02 ug/L NA NA NA NA NA 2.6E-02 mg/kg/day 1.0E-01 mg/kg/day 2.6E-01

Carbon tetrachloride 3.5E+04 ug/L NA NA 1.3E-01 1/(mg/kg/day) NA 9.5E-01 mg/kg/day 7.0E-04 mg/kg/day 1.4E+03

Chloroform 9.2E+03 ug/L NA NA NA NA NA 2.5E-01 mg/kg/day 1.0E-02 mg/kg/day 2.5E+01

Tetrachloroethene 7.2E+02 ug/L NA NA 5.4E-01 1/(mg/kg/day) NA 2.0E-02 mg/kg/day 1.0E-02 mg/kg/day 2.0E+00

Trichloroethene 2.1E+02 ug/L NA NA 1.1E-02 1/(mg/kg/day) NA 5.8E-03 mg/kg/day 6.0E-03 mg/kg/day 9.6E-01

Vinyl chloride 2.0E+00 ug/L NA NA 1.4E+00 1/(mg/kg/day) NA 5.5E-05 mg/kg/day 3.0E-03 mg/kg/day 1.8E-02

cis-1,2-Dichloroethene 1.2E+02 ug/L NA NA NA NA NA 3.3E-03 mg/kg/day 1.0E-02 mg/kg/day 3.3E-01

trans-1,2-Dichloroethene 1.6E+01 ug/L NA NA NA NA NA 4.4E-04 mg/kg/day 2.0E-02 mg/kg/day 2.2E-02

Naphthalene 5.2E+00 ug/L NA NA NA NA NA 1.4E-04 mg/kg/day 2.0E-02 mg/kg/day 7.1E-03

bis(2-Ethylhexyl)phthalate 5.1E+00 ug/L NA NA 1.4E-02 1/(mg/kg/day) NA 1.4E-04 mg/kg/day 2.0E-02 mg/kg/day 7.0E-03

Aluminum 4.3E+03 ug/L NA NA NA NA NA 1.2E-01 mg/kg/day 1.0E+00 mg/kg/day 1.2E-01

Arsenic 1.2E+02 ug/L NA NA 1.5E+00 1/(mg/kg/day) NA 3.4E-03 mg/kg/day 3.0E-04 mg/kg/day 1.1E+01

Barium 1.8E+02 ug/L NA NA NA NA NA 5.0E-03 mg/kg/day 7.0E-02 mg/kg/day 7.1E-02

Beryllium 2.3E+00 ug/L NA NA NA NA NA 6.4E-05 mg/kg/day 2.0E-03 mg/kg/day 3.2E-02

Cadmium 1.4E+00 ug/L NA NA NA NA NA 4.0E-05 mg/kg/day 5.0E-04 mg/kg/day 7.9E-02

Chromium 1.4E+01 ug/L NA NA NA NA NA 3.7E-04 mg/kg/day 3.0E-03 mg/kg/day 1.2E-01

Cobalt 6.2E+01 ug/L NA NA NA NA NA 1.7E-03 mg/kg/day 2.0E-02 mg/kg/day 8.4E-02

Cyanide 2.3E+04 ug/L NA NA NA NA NA 6.4E-01 mg/kg/day 2.0E-02 mg/kg/day 3.2E+01

Iron 2.0E+04 ug/L NA NA NA NA NA 5.5E-01 mg/kg/day 3.0E-01 mg/kg/day 1.8E+00

Lead 3.1E+01 ug/L NA NA NA NA NA 8.5E-04 mg/kg/day NA NA NA

Manganese 2.7E+02 ug/L NA NA NA NA NA 7.3E-03 mg/kg/day 2.0E-02 mg/kg/day 3.6E-01

Nickel 4.6E+01 ug/L NA NA NA NA NA 1.3E-03 mg/kg/day 2.0E-02 mg/kg/day 6.3E-02

Thallium 5.1E+00 ug/L NA NA NA NA NA 1.4E-04 mg/kg/day 7.0E-05 mg/kg/day 2.0E+00

Vanadium 1.0E+02 ug/L NA NA NA NA NA 2.8E-03 mg/kg/day 1.0E-03 mg/kg/day 2.8E+00

Exp. Route Total NA 1.4E+03

Upper Aquifer - Tap 
Water



TABLE 7.1.RME

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURE

Site 47 Feasibility Study 

NSF-IH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population: Resident

Receptor Age:  Adult

Medium
Exposure 
Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern
Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Groundwater Groundwater Dermal 1,1,2,2-Tetrachloroethane 8.0E+00 ug/L NA NA 2.0E-01 1/(mg/kg/day) NA 2.8E-05 mg/kg/day 6.0E-02 mg/kg/day 4.6E-04
Absorption 1,1,2-Trichloroethane 1.0E+00 ug/L NA NA 5.7E-02 1/(mg/kg/day) NA 2.6E-06 mg/kg/day 4.0E-03 mg/kg/day 6.4E-04

1,2-Dichloroethane 6.1E+01 ug/L NA NA 9.1E-02 1/(mg/kg/day) NA 8.2E-05 mg/kg/day 2.0E-02 mg/kg/day 4.1E-03

Benzene 5.0E+00 ug/L NA NA 5.5E-02 1/(mg/kg/day) NA 2.1E-05 mg/kg/day 4.0E-03 mg/kg/day 5.2E-03

Bromochloromethane 1.8E-01 ug/L NA NA NA NA NA 4.0E-07 mg/kg/day NA NA NA

Bromodichloromethane 1.0E+00 ug/L NA NA 6.2E-02 1/(mg/kg/day) NA 2.2E-06 mg/kg/day 2.0E-02 mg/kg/day 1.1E-04

Carbon disulfide 9.4E+02 ug/L NA NA NA NA NA 4.5E-03 mg/kg/day 1.0E-01 mg/kg/day 4.5E-02

Carbon tetrachloride 3.5E+04 ug/L NA NA 1.3E-01 1/(mg/kg/day) NA 2.6E-01 mg/kg/day 7.0E-04 mg/kg/day 3.7E+02

Chloroform 9.2E+03 ug/L NA NA NA NA NA 2.3E-02 mg/kg/day 1.0E-02 mg/kg/day 2.3E+00

Tetrachloroethene 7.2E+02 ug/L NA NA 5.4E-01 1/(mg/kg/day) NA 1.2E-02 mg/kg/day 1.0E-02 mg/kg/day 1.2E+00

Trichloroethene 2.1E+02 ug/L NA NA 1.1E-02 1/(mg/kg/day) NA 1.0E-03 mg/kg/day 6.0E-03 mg/kg/day 1.7E-01

Vinyl chloride 2.0E+00 ug/L NA NA 1.4E+00 1/(mg/kg/day) NA 2.9E-06 mg/kg/day 3.0E-03 mg/kg/day 9.7E-04

cis-1,2-Dichloroethene 1.2E+02 ug/L NA NA NA NA NA 2.9E-04 mg/kg/day 1.0E-02 mg/kg/day 2.9E-02

trans-1,2-Dichloroethene 1.6E+01 ug/L NA NA NA NA NA 3.9E-05 mg/kg/day 2.0E-02 mg/kg/day 1.9E-03

Naphthalene 5.2E+00 ug/L NA NA NA NA NA 9.5E-05 mg/kg/day 2.0E-02 mg/kg/day 4.7E-03

bis(2-Ethylhexyl)phthalate 5.1E+00 ug/L NA NA 1.4E-02 1/(mg/kg/day) NA 2.2E-04 mg/kg/day 2.0E-02 mg/kg/day 1.1E-02

Aluminum 4.3E+03 ug/L NA NA NA NA NA 6.1E-04 mg/kg/day 1.0E+00 mg/kg/day 6.1E-04

Arsenic 1.2E+02 ug/L NA NA 1.5E+00 1/(mg/kg/day) NA 1.8E-05 mg/kg/day 3.0E-04 mg/kg/day 5.9E-02

Barium 1.8E+02 ug/L NA NA NA NA NA 2.6E-05 mg/kg/day 4.9E-03 mg/kg/day 5.3E-03

Beryllium 2.3E+00 ug/L NA NA NA NA NA 3.3E-07 mg/kg/day 1.4E-05 mg/kg/day 2.4E-02

Cadmium 1.4E+00 ug/L NA NA NA NA NA 2.1E-07 mg/kg/day 2.5E-05 mg/kg/day 8.3E-03

Chromium 1.4E+01 ug/L NA NA NA NA NA 3.9E-06 mg/kg/day 7.5E-05 mg/kg/day 5.1E-02

Cobalt 6.2E+01 ug/L NA NA NA NA NA 3.5E-06 mg/kg/day 2.0E-02 mg/kg/day 1.8E-04

Cyanide 2.3E+04 ug/L NA NA NA NA NA 3.3E-03 mg/kg/day 2.0E-02 mg/kg/day 1.7E-01

Iron 2.0E+04 ug/L NA NA NA NA NA 2.9E-03 mg/kg/day 3.0E-01 mg/kg/day 9.6E-03

Lead 3.1E+01 ug/L NA NA NA NA NA 4.4E-07 mg/kg/day NA NA NA

Manganese 2.7E+02 ug/L NA NA NA NA NA 3.8E-05 mg/kg/day 8.0E-04 mg/kg/day 4.8E-02

Nickel 4.6E+01 ug/L NA NA NA NA NA 1.3E-06 mg/kg/day 8.0E-04 mg/kg/day 1.7E-03

Thallium 5.1E+00 ug/L NA NA NA NA NA 7.3E-07 mg/kg/day 7.0E-05 mg/kg/day 1.0E-02

Vanadium 1.0E+02 ug/L NA NA NA NA NA 1.4E-05 mg/kg/day 2.6E-05 mg/kg/day 5.6E-01

Exp. Route Total NA 3.7E+02

Exposure Point Total NA 1.8E+03



TABLE 7.1.RME

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURE

Site 47 Feasibility Study 

NSF-IH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population: Resident

Receptor Age:  Adult

Medium
Exposure 
Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern
Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Groundwater Air Upper Aquifer- Water 
Vapors at showerhead Inhalation

1,1,2,2-Tetrachloroethane 8.0E+00 ug/L NA NA 2.0E-01 1/(mg/kg/day) NA 3.7E-04 mg/kg/day NA NA NA

1,1,2-Trichloroethane 1.0E+00 ug/L NA NA 5.6E-02 1/(mg/kg/day) NA 6.6E-05 mg/kg/day NA NA NA

1,2-Dichloroethane 6.1E+01 ug/L NA NA 9.1E-02 1/(mg/kg/day) NA 4.6E-03 mg/kg/day 1.4E-03 mg/kg/day 3.3E+00

Benzene 5.0E+00 ug/L NA NA 2.7E-02 1/(mg/kg/day) NA 4.7E-04 mg/kg/day 8.6E-03 mg/kg/day 5.5E-02

Bromochloromethane 1.8E-01 ug/L NA NA NA NA NA 1.3E-05 mg/kg/day NA NA NA

Bromodichloromethane 1.0E+00 ug/L NA NA NA NA NA 6.6E-05 mg/kg/day NA NA NA

Carbon disulfide 9.4E+02 ug/L NA NA NA NA NA 9.2E-02 mg/kg/day 2.0E-01 mg/kg/day 4.6E-01

Carbon tetrachloride 3.5E+04 ug/L NA NA 5.3E-02 1/(mg/kg/day) NA 2.6E+00 mg/kg/day 5.7E-04 mg/kg/day 4.6E+03

Chloroform 9.2E+03 ug/L NA NA 8.1E-02 1/(mg/kg/day) NA 7.2E-01 mg/kg/day 1.4E-02 mg/kg/day 5.2E+01

Tetrachloroethene 7.2E+02 ug/L NA NA 2.0E-02 1/(mg/kg/day) NA 5.3E-02 mg/kg/day 1.4E-01 mg/kg/day 3.8E-01

Trichloroethene 2.1E+02 ug/L NA NA 6.0E-03 1/(mg/kg/day) NA 1.7E-02 mg/kg/day NA NA NA

Vinyl chloride 2.0E+00 ug/L NA NA 3.1E-02 1/(mg/kg/day) NA 2.1E-04 mg/kg/day 2.8E-02 mg/kg/day 7.5E-03

cis-1,2-Dichloroethene 1.2E+02 ug/L NA NA NA NA NA 1.1E-02 mg/kg/day NA NA NA

trans-1,2-Dichloroethene 1.6E+01 ug/L NA NA NA NA NA 1.4E-03 mg/kg/day NA NA NA

Naphthalene 5.2E+00 ug/L NA NA NA NA NA 3.0E-04 mg/kg/day 9.0E-04 mg/kg/day 3.4E-01

bis(2-Ethylhexyl)phthalate 5.1E+00 ug/L NA NA 1.4E-02 1/(mg/kg/day) NA 1.4E-07 mg/kg/day NA NA NA
NA

Exp. Route Total 0.0E+00 4.7E+03

Exposure Point Total 0.0E+00 4.7E+03

Exposure Medium Total 0.0E+00 4.7E+03

Groundwater Total 0.0E+00 6.5E+03

Total of Receptor Risks Across All Media  0.0E+00 Total of Receptor Hazards Across All Media  6.5E+03



Chemical Medium Permeability Lag Fraction Duration
of Potential EPC Coefficient Time t* Absorbed Water of Event DAevent Equation

Concern Value (Kp) B (τevent) (FA) (tevent)
 (cm/hr) (dimensionless) (hr) (hour) (dimensionless) (hr) (mg/cm2-event)

1,1,2,2-Tetrachloroethane 8.0E+00 6.9E-03 3.4E-02 9.3E-01 2.2E+00 1.0E+00 0.58 1.1E-07 2
1,1,2-Trichloroethane 1.0E+00 6.4E-03 2.8E-02 6.0E-01 1.4E+00 1.0E+00 0.58 1.0E-08 2
1,2-Dichloroethane 6.1E+01 4.2E-03 1.6E-02 3.8E-01 9.2E-01 1.0E+00 0.58 3.3E-07 2
Benzene 5.0E+00 1.5E-02 5.1E-02 2.9E-01 7.0E-01 1.0E+00 0.58 8.5E-08 2
Bromochloromethane 1.8E-01 4.6E-03 2.0E-02 8.8E-01 2.1E+00 1.0E+00 0.58 1.6E-09 2
Bromodichloromethane 1.0E+00 4.6E-03 2.3E-02 8.8E-01 2.1E+00 1.0E+00 0.58 9.1E-09 2
Carbon disulfide 9.4E+02 1.7E-02 5.7E-02 3.0E-01 7.2E-01 1.0E+00 0.58 1.8E-05 2
Carbon tetrachloride 3.5E+04 1.6E-02 7.6E-02 7.8E-01 1.9E+00 1.0E+00 0.58 1.0E-03 2
Chloroform 9.2E+03 6.8E-03 2.9E-02 5.0E-01 1.2E+00 1.0E+00 0.58 9.3E-05 2
Tetrachloroethene 7.2E+02 3.3E-02 1.6E-01 9.1E-01 2.2E+00 1.0E+00 0.58 4.8E-05 2
Trichloroethene 2.1E+02 1.2E-02 5.3E-02 5.8E-01 1.4E+00 1.0E+00 0.58 4.0E-06 2
Vinyl chloride 2.0E+00 5.6E-03 1.7E-02 2.4E-01 5.7E-01 1.0E+00 0.58 1.2E-08 3
cis-1,2-Dichloroethene 1.2E+02 7.7E-03 2.9E-02 3.7E-01 8.9E-01 1.0E+00 0.58 1.2E-06 2
trans-1,2-Dichloroethene 1.6E+01 7.7E-03 2.9E-02 3.7E-01 8.9E-01 1.0E+00 0.58 1.6E-07 2
Naphthalene 5.2E+00 4.7E-02 2.0E-01 5.6E-01 1.3E+00 1.0E+00 0.58 3.8E-07 2
bis(2-Ethylhexyl)phthalate 5.1E+00 2.5E-02 1.9E-01 1.7E+01 4.0E+01 8.0E-01 0.58 8.8E-07 2
Aluminum 4.3E+03 1.0E-03 N/A N/A N/A N/A 0.58 2.5E-06 1
Arsenic 1.2E+02 1.0E-03 N/A N/A N/A N/A 0.58 7.2E-08 1
Barium 1.8E+02 1.0E-03 N/A N/A N/A N/A 0.58 1.1E-07 1
Beryllium 2.3E+00 1.0E-03 N/A N/A N/A N/A 0.58 1.3E-09 1
Cadmium 1.4E+00 1.0E-03 N/A N/A N/A N/A 0.58 8.4E-10 1
Chromium 1.4E+01 2.0E-03 N/A N/A N/A N/A 0.58 1.6E-08 1
Cobalt 6.2E+01 4.0E-04 N/A N/A N/A N/A 0.58 1.4E-08 1
Cyanide 2.3E+04 1.0E-03 N/A N/A N/A N/A 0.58 1.3E-05 1
Iron 2.0E+04 1.0E-03 N/A N/A N/A N/A 0.58 1.2E-05 1
Lead 3.1E+01 1.0E-04 N/A N/A N/A N/A 0.58 1.8E-09 1
Manganese 2.7E+02 1.0E-03 N/A N/A N/A N/A 0.58 1.5E-07 1
Nickel 4.6E+01 2.0E-04 N/A N/A N/A N/A 0.58 5.4E-09 1
Thallium 5.1E+00 1.0E-03 N/A N/A N/A N/A 0.58 3.0E-09 1
Vanadium 1.0E+02 1.0E-03 N/A N/A N/A N/A 0.58 5.9E-08 1

Inorganics:  DAevent (mg/cm2-event) = 
Kp x CW x tevent x 0.001 mg/ug x 0.001 l/cm3  (eq 1)

Organics:  DAevent (mg/cm2-event) = 

(Eq 2)

(Eq 3)

Notes:
Permeability constants from EPA 2001, Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental 
     Guidance for Dermal Risk Assessment - Interim).  EPA/540/R/99/005. The default value of 0.001 was assigned to inorganics not listed in this document.
NA - Not applicable.
t* - Time to reach steady-state
B - Dimensionless ratio of the permeability coefficient of a compound through the stratum corneum relative to its permeability
      coefficient across the viable epidermis (dimensionless).

Table 7.1.A.RME Supplement 
Calculation of DAevent (Adult)

Site 47 Feasibility Study 
NSF-IH, Indian Head, Maryland
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Table 7.1.RME Supplement B
Inhalation Exposure Concentrations from Foster and Chrostowski Shower Model

Site 47 Feasibility Study
NSF-IH, Indian Head, Maryland

Chemical

Exposure Point 
Concentration  Cwo  

(μg/l)
Molecular weight 

(HH) (g/mole)
Henry's Law Constant 

(H) (atm-m3/mole)
Kg (VOC) 

(cm/hr) Kl(VOC) (cm/hr) KL (cm/hr) Kal (cm/hr) Cwd (μg/l) S (μg/m3 -min)

Calculated Inhalation 
Exposure (Einh) 
(mg/kg/shower)

1,1,2,2-Tetrachloroethane 8.0E+00 1.68E+02 3.4E-04 9.8E+02 1.0E+01 5.9E+00 8.0E+00 1.9E+00 1.25E+01 3.9E-04
1,1,2-Trichloroethane 1.0E+00 1.33E+02 9.1E-04 1.1E+03 1.1E+01 9.0E+00 1.2E+01 3.3E-01 2.22E+00 6.9E-05
1,2-Dichloroethane 6.1E+01 9.90E+01 9.8E-04 1.3E+03 1.3E+01 1.1E+01 1.4E+01 2.3E+01 1.55E+02 4.8E-03
Benzene 5.0E+00 7.81E+01 5.4E-03 1.4E+03 1.5E+01 1.4E+01 1.9E+01 2.4E+00 1.59E+01 4.9E-04
Bromochloromethane 1.8E-01 1.29E+02 1.6E-03 1.1E+03 1.2E+01 1.0E+01 1.4E+01 6.6E-02 4.38E-01 1.4E-05
Bromodichloromethane 1.0E+00 1.64E+02 1.6E-03 9.9E+02 1.0E+01 9.0E+00 1.2E+01 3.3E-01 2.21E+00 6.9E-05
Carbon disulfide 9.4E+02 7.61E+01 3.0E-02 1.5E+03 1.5E+01 1.5E+01 2.0E+01 4.6E+02 3.09E+03 9.6E-02
Carbon tetrachloride 3.5E+04 1.54E+02 3.1E-02 1.0E+03 1.1E+01 1.1E+01 1.4E+01 1.3E+04 8.82E+04 2.7E+00
Chloroform 9.2E+03 1.19E+02 2.9E-03 1.2E+03 1.2E+01 1.1E+01 1.5E+01 3.6E+03 2.42E+04 7.5E-01
Tetrachloroethene 7.2E+02 1.66E+02 2.6E-02 9.9E+02 1.0E+01 1.0E+01 1.4E+01 2.6E+02 1.76E+03 5.5E-02
Trichloroethene 2.1E+02 1.31E+02 1.0E-02 1.1E+03 1.2E+01 1.1E+01 1.5E+01 8.4E+01 5.59E+02 1.7E-02
Vinyl chloride 2.0E+00 6.30E+01 8.2E-02 1.6E+03 1.7E+01 1.7E+01 2.3E+01 1.1E+00 7.04E+00 2.2E-04
cis-1,2-Dichloroethene 1.2E+02 9.69E+01 7.6E-03 1.3E+03 1.3E+01 1.3E+01 1.8E+01 5.3E+01 3.55E+02 1.1E-02
trans-1,2-Dichloroethene 1.6E+01 9.69E+01 9.4E-03 1.3E+03 1.3E+01 1.3E+01 1.8E+01 7.1E+00 4.76E+01 1.5E-03
Naphthalene 5.2E+00 1.28E+02 4.8E-04 1.1E+03 1.2E+01 7.7E+00 1.0E+01 1.5E+00 1.02E+01 3.2E-04
bis(2-Ethylhexyl)phthalate 5.1E+00 3.10E+02 1.0E-07 7.2E+02 7.5E+00 3.1E-03 4.2E-03 7.1E-04 4.70E-03 1.5E-07

Variables Units Exposure Assumptions
Kg(VOC) = gas-film mass transfer coefficient cm/hr Solved by Eq 1
Kl(VOC) = liquid-film mass transfer coefficient cm/hr Solved by Eq 2
KL = overall mass transfer coefficient cm/hr Solved by Eq 3
Kal = adjusted overall mass transfer coeff. cm/hr Solved by Eq 4
Tl = Calibration temp. of water K (20C +273) 293
Ts = Shower water temperature k (45C) 318
Us = water viscosity at Ts centipoise 0.596
Ul = water viscosity at Tl cp 1.002
Cwd = conc. leaving droplets after time sdt μg/l Solved by Eq 5
sdt = shower droplet drop time sec 2
d =  shower droplet diameter mm 1
FR = shower water flow rate l/min 20
SV = shower room air volume m3 3
S = indoor VOC generation rate μg/m3-min Solved by Eq 6
VR = ventilation rate l/min 13.8

Variables Units Exposure Assumptions
BW = body weight kg 70
Ds = duration of shower min 12
Dt = total duration in shower room min 20
R = air exchange rate min-1 0.0083
Ca = indoor air concentration of VOCs μg/m3 Solved by Eq 7
Einh = inhalation exposure per shower mg/kg/shower Solved by Eq 8

Equation 1: Kg(VOC) = 3000 * (18 / HH)0.5

Equation 2: Kl(VOC) = 20 * (44 / HH)0.5

Equation 3: KL = ((1 / Kl(VOC)) + (0.024 / (Kg (VOC) * H)))-1

Equation 4: Kal = (KL * (((Tl * Us) / (Ts * Ul))-0.5))
Equation 5: Cwd =  (Cwo * (1-EXP((-1 * Kal * sdt)/(60 * d))))
Equation 6: S =  (Cwd * FR / SV)
Equation 7: see time series example on Table I-GW-5
Equation 8: Einh = If t>Ds  (((VR * S) / (BW * R * 1000000)) *

       ((Ds + (EXP(-R * Dt) / R)-(EXP(R *
       (Ds - Dt))) / R)))



TABLE 7.2.RME

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURE

Site 47 Feasibility Study 

NSF-IH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population: Resident

Receptor Age:  Child

Medium
Exposure 
Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern
Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Groundwater Groundwater Ingestion 1,1,2,2-Tetrachloroethane 8.0E+00 ug/L NA NA 2.0E-01 1/(mg/kg/day) NA 5.1E-04 mg/kg/day 6.0E-02 mg/kg/day 8.5E-03

1,1,2-Trichloroethane 1.0E+00 ug/L NA NA 5.7E-02 1/(mg/kg/day) NA 6.4E-05 mg/kg/day 4.0E-03 mg/kg/day 1.6E-02

1,2-Dichloroethane 6.1E+01 ug/L NA NA 9.1E-02 1/(mg/kg/day) NA 3.9E-03 mg/kg/day 2.0E-02 mg/kg/day 1.9E-01

Benzene 5.0E+00 ug/L NA NA 5.5E-02 1/(mg/kg/day) NA 3.2E-04 mg/kg/day 4.0E-03 mg/kg/day 8.0E-02

Bromochloromethane 1.8E-01 ug/L NA NA NA NA NA 1.2E-05 mg/kg/day NA NA NA

Bromodichloromethane 1.0E+00 ug/L NA NA 6.2E-02 1/(mg/kg/day) NA 6.4E-05 mg/kg/day 2.0E-02 mg/kg/day 3.2E-03

Carbon disulfide 9.4E+02 ug/L NA NA NA NA NA 6.0E-02 mg/kg/day 1.0E-01 mg/kg/day 6.0E-01

Carbon tetrachloride 3.5E+04 ug/L NA NA 1.3E-01 1/(mg/kg/day) NA 2.2E+00 mg/kg/day 7.0E-04 mg/kg/day 3.2E+03

Chloroform 9.2E+03 ug/L NA NA NA NA NA 5.9E-01 mg/kg/day 1.0E-02 mg/kg/day 5.9E+01

Tetrachloroethene 7.2E+02 ug/L NA NA 5.4E-01 1/(mg/kg/day) NA 4.6E-02 mg/kg/day 1.0E-02 mg/kg/day 4.6E+00

Trichloroethene 2.1E+02 ug/L NA NA 1.1E-02 1/(mg/kg/day) NA 1.3E-02 mg/kg/day 6.0E-03 mg/kg/day 2.2E+00

Vinyl chloride 2.0E+00 ug/L NA NA 1.4E+00 1/(mg/kg/day) NA 1.3E-04 mg/kg/day 3.0E-03 mg/kg/day 4.3E-02

cis-1,2-Dichloroethene 1.2E+02 ug/L NA NA NA NA NA 7.7E-03 mg/kg/day 1.0E-02 mg/kg/day 7.7E-01

trans-1,2-Dichloroethene 1.6E+01 ug/L NA NA NA NA NA 1.0E-03 mg/kg/day 2.0E-02 mg/kg/day 5.1E-02

Naphthalene 5.2E+00 ug/L NA NA NA NA NA 3.3E-04 mg/kg/day 2.0E-02 mg/kg/day 1.7E-02

bis(2-Ethylhexyl)phthalate 5.1E+00 ug/L NA NA 1.4E-02 1/(mg/kg/day) NA 3.3E-04 mg/kg/day 2.0E-02 mg/kg/day 1.6E-02

Aluminum 4.3E+03 ug/L NA NA NA NA NA 2.7E-01 mg/kg/day 1.0E+00 mg/kg/day 2.7E-01

Arsenic 1.2E+02 ug/L NA NA 1.5E+00 1/(mg/kg/day) NA 7.9E-03 mg/kg/day 3.0E-04 mg/kg/day 2.6E+01

Barium 1.8E+02 ug/L NA NA NA NA NA 1.2E-02 mg/kg/day 7.0E-02 mg/kg/day 1.7E-01

Beryllium 2.3E+00 ug/L NA NA NA NA NA 1.5E-04 mg/kg/day 2.0E-03 mg/kg/day 7.4E-02

Cadmium 1.4E+00 ug/L NA NA NA NA NA 9.2E-05 mg/kg/day 5.0E-04 mg/kg/day 1.8E-01

Chromium 1.4E+01 ug/L NA NA NA NA NA 8.6E-04 mg/kg/day 3.0E-03 mg/kg/day 2.9E-01

Cobalt 6.2E+01 ug/L NA NA NA NA NA 3.9E-03 mg/kg/day 2.0E-02 mg/kg/day 2.0E-01

Cyanide 2.3E+04 ug/L NA NA NA NA NA 1.5E+00 mg/kg/day 2.0E-02 mg/kg/day 7.4E+01

Iron 2.0E+04 ug/L NA NA NA NA NA 1.3E+00 mg/kg/day 3.0E-01 mg/kg/day 4.3E+00

Lead 3.1E+01 ug/L NA NA NA NA NA 2.0E-03 mg/kg/day NA NA NA

Manganese 2.7E+02 ug/L NA NA NA NA NA 1.7E-02 mg/kg/day 2.0E-02 mg/kg/day 8.5E-01

Nickel 4.6E+01 ug/L NA NA NA NA NA 3.0E-03 mg/kg/day 2.0E-02 mg/kg/day 1.5E-01

Thallium 5.1E+00 ug/L NA NA NA NA NA 3.3E-04 mg/kg/day 7.0E-05 mg/kg/day 4.7E+00

Vanadium 1.0E+02 ug/L NA NA NA NA NA 6.5E-03 mg/kg/day 1.0E-03 mg/kg/day 6.5E+00

Exp. Route Total NA 3.4E+03

Upper Aquifer - Tap 
Water



TABLE 7.2.RME

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURE

Site 47 Feasibility Study 

NSF-IH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population: Resident

Receptor Age:  Child

Medium
Exposure 
Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern
Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Dermal 1,1,2,2-Tetrachloroethane 8.0E+00 ug/L NA NA 2.0E-01 1/(mg/kg/day) NA 6.2E-05 mg/kg/day 6.0E-02 mg/kg/day 1.0E-03
Absorption 1,1,2-Trichloroethane 1.0E+00 ug/L NA NA 5.7E-02 1/(mg/kg/day) NA 5.8E-06 mg/kg/day 4.0E-03 mg/kg/day 1.4E-03

1,2-Dichloroethane 6.1E+01 ug/L NA NA 9.1E-02 1/(mg/kg/day) NA 1.9E-04 mg/kg/day 2.0E-02 mg/kg/day 9.5E-03

Benzene 5.0E+00 ug/L NA NA 5.5E-02 1/(mg/kg/day) NA 4.9E-05 mg/kg/day 4.0E-03 mg/kg/day 1.2E-02

Bromochloromethane 1.8E-01 ug/L NA NA NA NA NA 9.1E-07 mg/kg/day NA NA NA

Bromodichloromethane 1.0E+00 ug/L NA NA 6.2E-02 1/(mg/kg/day) NA 5.0E-06 mg/kg/day 2.0E-02 mg/kg/day 2.5E-04

Carbon disulfide 9.4E+02 ug/L NA NA NA NA NA 1.1E-02 mg/kg/day 1.0E-01 mg/kg/day 1.1E-01

Carbon tetrachloride 3.5E+04 ug/L NA NA 1.3E-01 1/(mg/kg/day) NA 5.7E-01 mg/kg/day 7.0E-04 mg/kg/day 8.2E+02

Chloroform 9.2E+03 ug/L NA NA NA NA NA 5.2E-02 mg/kg/day 1.0E-02 mg/kg/day 5.2E+00

Tetrachloroethene 7.2E+02 ug/L NA NA 5.4E-01 1/(mg/kg/day) NA 2.6E-02 mg/kg/day 1.0E-02 mg/kg/day 2.6E+00

Trichloroethene 2.1E+02 ug/L NA NA 1.1E-02 1/(mg/kg/day) NA 2.2E-03 mg/kg/day 6.0E-03 mg/kg/day 3.7E-01

Vinyl chloride 2.0E+00 ug/L NA NA 1.4E+00 1/(mg/kg/day) NA 7.0E-06 mg/kg/day 3.0E-03 mg/kg/day 2.3E-03

cis-1,2-Dichloroethene 1.2E+02 ug/L NA NA NA NA NA 6.8E-04 mg/kg/day 1.0E-02 mg/kg/day 6.8E-02

trans-1,2-Dichloroethene 1.6E+01 ug/L NA NA NA NA NA 9.0E-05 mg/kg/day 2.0E-02 mg/kg/day 4.5E-03

Naphthalene 5.2E+00 ug/L NA NA NA NA NA 2.1E-04 mg/kg/day 2.0E-02 mg/kg/day 1.1E-02

bis(2-Ethylhexyl)phthalate 5.1E+00 ug/L NA NA 1.4E-02 1/(mg/kg/day) NA 4.9E-04 mg/kg/day 2.0E-02 mg/kg/day 2.4E-02

Aluminum 4.3E+03 ug/L NA NA NA NA NA 1.8E-03 mg/kg/day 1.0E+00 mg/kg/day 1.8E-03

Arsenic 1.2E+02 ug/L NA NA 1.5E+00 1/(mg/kg/day) NA 5.2E-05 mg/kg/day 3.0E-04 mg/kg/day 1.7E-01

Barium 1.8E+02 ug/L NA NA NA NA NA 7.7E-05 mg/kg/day 4.9E-03 mg/kg/day 1.6E-02

Beryllium 2.3E+00 ug/L NA NA NA NA NA 9.8E-07 mg/kg/day 1.4E-05 mg/kg/day 7.0E-02

Cadmium 1.4E+00 ug/L NA NA NA NA NA 6.1E-07 mg/kg/day 2.5E-05 mg/kg/day 2.4E-02

Chromium 1.4E+01 ug/L NA NA NA NA NA 1.1E-05 mg/kg/day 7.5E-05 mg/kg/day 1.5E-01

Cobalt 6.2E+01 ug/L NA NA NA NA NA 1.0E-05 mg/kg/day 2.0E-02 mg/kg/day 5.2E-04

Cyanide 2.3E+04 ug/L NA NA NA NA NA 9.8E-03 mg/kg/day 2.0E-02 mg/kg/day 4.9E-01

Iron 2.0E+04 ug/L NA NA NA NA NA 8.5E-03 mg/kg/day 3.0E-01 mg/kg/day 2.8E-02

Lead 3.1E+01 ug/L NA NA NA NA NA 1.3E-06 mg/kg/day NA NA NA

Manganese 2.7E+02 ug/L NA NA NA NA NA 1.1E-04 mg/kg/day 8.0E-04 mg/kg/day 1.4E-01

Nickel 4.6E+01 ug/L NA NA NA NA NA 3.9E-06 mg/kg/day 8.0E-04 mg/kg/day 4.9E-03

Thallium 5.1E+00 ug/L NA NA NA NA NA 2.2E-06 mg/kg/day 7.0E-05 mg/kg/day 3.1E-02

Vanadium 1.0E+02 ug/L NA NA NA NA NA 4.3E-05 mg/kg/day 2.6E-05 mg/kg/day 1.6E+00

Exp. Route Total NA 8.3E+02

Exposure Point Total NA 4.2E+03

Exposure Medium Total NA 4.2E+03

Groundwater Total NA 4.2E+03

Total of Receptor Risks Across All Media  NA Total of Receptor Hazards Across All Media  4.2E+03



Chemical Medium Permeability Lag Fraction Duration
of Potential EPC Coefficient Time t* Absorbed Water of Event DAevent Equation

Concern Value (Kp) B (τevent) (FA) (tevent)
 (cm/hr) (dimensionless) (hr) (hour) (dimensionless) (hr) (mg/cm2-event)

1,1,2,2-Tetrachloroethane 8.0E+00 6.9E-03 3.4E-02 9.3E-01 2.2E+00 1.0E+00 1 1.5E-07 2
1,1,2-Trichloroethane 1.0E+00 6.4E-03 2.8E-02 6.0E-01 1.4E+00 1.0E+00 1 1.4E-08 2
1,2-Dichloroethane 6.1E+01 4.2E-03 1.6E-02 3.8E-01 9.2E-01 1.0E+00 1 4.5E-07 3
Benzene 5.0E+00 1.5E-02 5.1E-02 2.9E-01 7.0E-01 1.0E+00 1 1.2E-07 3
Bromochloromethane 1.8E-01 4.6E-03 2.0E-02 8.8E-01 2.1E+00 1.0E+00 1 2.1E-09 2
Bromodichloromethane 1.0E+00 4.6E-03 2.3E-02 8.8E-01 2.1E+00 1.0E+00 1 1.2E-08 2
Carbon disulfide 9.4E+02 1.7E-02 5.7E-02 3.0E-01 7.2E-01 1.0E+00 1 2.5E-05 3
Carbon tetrachloride 3.5E+04 1.6E-02 7.6E-02 7.8E-01 1.9E+00 1.0E+00 1 1.4E-03 2
Chloroform 9.2E+03 6.8E-03 2.9E-02 5.0E-01 1.2E+00 1.0E+00 1 1.2E-04 2
Tetrachloroethene 7.2E+02 3.3E-02 1.6E-01 9.1E-01 2.2E+00 1.0E+00 1 6.2E-05 2
Trichloroethene 2.1E+02 1.2E-02 5.3E-02 5.8E-01 1.4E+00 1.0E+00 1 5.3E-06 2
Vinyl chloride 2.0E+00 5.6E-03 1.7E-02 2.4E-01 5.7E-01 1.0E+00 1 1.6E-08 3
cis-1,2-Dichloroethene 1.2E+02 7.7E-03 2.9E-02 3.7E-01 8.9E-01 1.0E+00 1 1.6E-06 3
trans-1,2-Dichloroethene 1.6E+01 7.7E-03 2.9E-02 3.7E-01 8.9E-01 1.0E+00 1 2.1E-07 3
Naphthalene 5.2E+00 4.7E-02 2.0E-01 5.6E-01 1.3E+00 1.0E+00 1 5.0E-07 2
bis(2-Ethylhexyl)phthalate 5.1E+00 2.5E-02 1.9E-01 1.7E+01 4.0E+01 8.0E-01 1 1.2E-06 2
Aluminum 4.3E+03 1.0E-03 N/A N/A N/A N/A 1 4.3E-06 1
Arsenic 1.2E+02 1.0E-03 N/A N/A N/A N/A 1 1.2E-07 1
Barium 1.8E+02 1.0E-03 N/A N/A N/A N/A 1 1.8E-07 1
Beryllium 2.3E+00 1.0E-03 N/A N/A N/A N/A 1 2.3E-09 1
Cadmium 1.4E+00 1.0E-03 N/A N/A N/A N/A 1 1.4E-09 1
Chromium 1.4E+01 2.0E-03 N/A N/A N/A N/A 1 2.7E-08 1
Cobalt 6.2E+01 4.0E-04 N/A N/A N/A N/A 1 2.5E-08 1
Cyanide 2.3E+04 1.0E-03 N/A N/A N/A N/A 1 2.3E-05 1
Iron 2.0E+04 1.0E-03 N/A N/A N/A N/A 1 2.0E-05 1
Lead 3.1E+01 1.0E-04 N/A N/A N/A N/A 1 3.1E-09 1
Manganese 2.7E+02 1.0E-03 N/A N/A N/A N/A 1 2.7E-07 1
Nickel 4.6E+01 2.0E-04 N/A N/A N/A N/A 1 9.3E-09 1
Thallium 5.1E+00 1.0E-03 N/A N/A N/A N/A 1 5.1E-09 1
Vanadium 1.0E+02 1.0E-03 N/A N/A N/A N/A 1 1.0E-07 1

Inorganics:  DAevent (mg/cm2-event) = 
Kp x CW x tevent x 0.001 mg/ug x 0.001 l/cm3  (eq 1)

Organics:  DAevent (mg/cm2-event) = 

(Eq 2)

(Eq 3)

Notes:
Permeability constants from EPA 2001, Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental 
     Guidance for Dermal Risk Assessment - Interim).  EPA/540/R/99/005. The default value of 0.001 was assigned to inorganics not listed in this document.
NA - Not applicable.
t* - Time to reach steady-state
B - Dimensionless ratio of the permeability coefficient of a compound through the stratum corneum relative to its permeability

Table 7.2.A.RME Supplement 
Calculation of DAevent (Child)

Site 47 Feasibility Study 
NSF-IH, Indian Head, Maryland
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TABLE 7.3.RME

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURE

Site 47 Feasibility Study 

NSF-IH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population: Resident

Receptor Age:  Child/Adult

Medium
Exposure 
Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern
Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Groundwater Groundwater Ingestion 1,1,2,2-Tetrachloroethane 8.0E+00 ug/L 1.2E-04 mg/kg-day 2.0E-01 1/(mg/kg/day) 2.4E-05 NA NA 6.0E-02 mg/kg/day NA

1,1,2-Trichloroethane 1.0E+00 ug/L 1.5E-05 mg/kg-day 5.7E-02 1/(mg/kg/day) 8.5E-07 NA NA 4.0E-03 mg/kg/day NA

1,2-Dichloroethane 6.1E+01 ug/L 9.1E-04 mg/kg-day 9.1E-02 1/(mg/kg/day) 8.3E-05 NA NA 2.0E-02 mg/kg/day NA

Benzene 5.0E+00 ug/L 7.5E-05 mg/kg-day 5.5E-02 1/(mg/kg/day) 4.1E-06 NA NA 4.0E-03 mg/kg/day NA

Bromochloromethane 1.8E-01 ug/L 2.7E-06 mg/kg-day NA NA NA NA NA NA NA NA

Bromodichloromethane 1.0E+00 ug/L 1.5E-05 mg/kg-day 6.2E-02 1/(mg/kg/day) 9.3E-07 NA NA 2.0E-02 mg/kg/day NA

Carbon disulfide 9.4E+02 ug/L 1.4E-02 mg/kg-day NA NA NA NA NA 1.0E-01 mg/kg/day NA

Carbon tetrachloride 3.5E+04 ug/L 5.2E-01 mg/kg-day 1.3E-01 1/(mg/kg/day) 6.5E-02 NA NA 7.0E-04 mg/kg/day NA

Chloroform 9.2E+03 ug/L 1.4E-01 mg/kg-day NA NA NA NA NA 1.0E-02 mg/kg/day NA

Tetrachloroethene 7.2E+02 ug/L 1.1E-02 mg/kg-day 5.4E-01 1/(mg/kg/day) 5.8E-03 NA NA 1.0E-02 mg/kg/day NA

Trichloroethene 2.1E+02 ug/L 3.1E-03 mg/kg-day 1.1E-02 1/(mg/kg/day) 3.4E-05 NA NA 6.0E-03 mg/kg/day NA

Vinyl chloride 2.0E+00 ug/L 3.0E-05 mg/kg-day 1.4E+00 1/(mg/kg/day) 4.2E-05 NA NA 3.0E-03 mg/kg/day NA

cis-1,2-Dichloroethene 1.2E+02 ug/L 1.8E-03 mg/kg-day NA NA NA NA NA 1.0E-02 mg/kg/day NA

trans-1,2-Dichloroethene 1.6E+01 ug/L 2.4E-04 mg/kg-day NA NA NA NA NA 2.0E-02 mg/kg/day NA

Naphthalene 5.2E+00 ug/L 7.8E-05 mg/kg-day NA NA NA NA NA 2.0E-02 mg/kg/day NA

bis(2-Ethylhexyl)phthalate 5.1E+00 ug/L 7.6E-05 mg/kg-day 1.4E-02 1/(mg/kg/day) 1.1E-06 NA NA 2.0E-02 mg/kg/day NA

Aluminum 4.3E+03 ug/L 6.4E-02 mg/kg-day NA NA NA NA NA 1.0E+00 mg/kg/day NA

Arsenic 1.2E+02 ug/L 1.8E-03 mg/kg-day 1.5E+00 1/(mg/kg/day) 2.8E-03 NA NA 3.0E-04 mg/kg/day NA

Barium 1.8E+02 ug/L 2.7E-03 mg/kg-day NA NA NA NA NA 7.0E-02 mg/kg/day NA

Beryllium 2.3E+00 ug/L 3.5E-05 mg/kg-day NA NA NA NA NA 2.0E-03 mg/kg/day NA

Cadmium 1.4E+00 ug/L 2.2E-05 mg/kg-day NA NA NA NA NA 5.0E-04 mg/kg/day NA

Chromium 1.4E+01 ug/L 2.0E-04 mg/kg-day NA NA NA NA NA 3.0E-03 mg/kg/day NA

Cobalt 6.2E+01 ug/L 9.2E-04 mg/kg-day NA NA NA NA NA 2.0E-02 mg/kg/day NA

Cyanide 2.3E+04 ug/L 3.5E-01 mg/kg-day NA NA NA NA NA 2.0E-02 mg/kg/day NA

Iron 2.0E+04 ug/L 3.0E-01 mg/kg-day NA NA NA NA NA 3.0E-01 mg/kg/day NA

Lead 3.1E+01 ug/L 4.6E-04 mg/kg-day NA NA NA NA NA NA NA NA

Manganese 2.7E+02 ug/L 4.0E-03 mg/kg-day NA NA NA NA NA 2.0E-02 mg/kg/day NA

Nickel 4.6E+01 ug/L 6.9E-04 mg/kg-day NA NA NA NA NA 2.0E-02 mg/kg/day NA

Thallium 5.1E+00 ug/L 7.7E-05 mg/kg-day NA NA NA NA NA 7.0E-05 mg/kg/day NA

Vanadium 1.0E+02 ug/L 1.5E-03 mg/kg-day NA NA NA NA NA 1.0E-03 mg/kg/day NA

Exp. Route Total 7.4E-02 0.0E+00

Upper Aquifer - Tap 
Water



TABLE 7.3.RME

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURE

Site 47 Feasibility Study 

NSF-IH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population: Resident

Receptor Age:  Child/Adult

Medium
Exposure 
Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern
Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Dermal 1,1,2,2-Tetrachloroethane 8.0E+00 ug/L 1.5E-05 mg/kg-day 2.0E-01 1/(mg/kg/day) 3.0E-06 NA NA 6.0E-02 mg/kg/day NA
Absorption 1,1,2-Trichloroethane 1.0E+00 ug/L 1.4E-06 mg/kg-day 5.7E-02 1/(mg/kg/day) 7.9E-08 NA NA 4.0E-03 mg/kg/day NA

1,2-Dichloroethane 6.1E+01 ug/L 4.4E-05 mg/kg-day 9.1E-02 1/(mg/kg/day) 4.0E-06 NA NA 2.0E-02 mg/kg/day NA

Benzene 5.0E+00 ug/L 1.1E-05 mg/kg-day 5.5E-02 1/(mg/kg/day) 6.3E-07 NA NA 4.0E-03 mg/kg/day NA

Bromochloromethane 1.8E-01 ug/L 2.2E-07 mg/kg-day NA NA NA NA NA NA NA NA

Bromodichloromethane 1.0E+00 ug/L 1.2E-06 mg/kg-day 6.2E-02 1/(mg/kg/day) 7.4E-08 NA NA 2.0E-02 mg/kg/day NA

Carbon disulfide 9.4E+02 ug/L 2.5E-03 mg/kg-day NA NA NA NA NA 1.0E-01 mg/kg/day NA

Carbon tetrachloride 3.5E+04 ug/L 1.4E-01 mg/kg-day 1.3E-01 1/(mg/kg/day) 1.8E-02 NA NA 7.0E-04 mg/kg/day NA

Chloroform 9.2E+03 ug/L 1.2E-02 mg/kg-day NA NA NA NA NA 1.0E-02 mg/kg/day NA

Tetrachloroethene 7.2E+02 ug/L 6.3E-03 mg/kg-day 5.4E-01 1/(mg/kg/day) 3.4E-03 NA NA 1.0E-02 mg/kg/day NA

Trichloroethene 2.1E+02 ug/L 5.3E-04 mg/kg-day 1.1E-02 1/(mg/kg/day) 5.9E-06 NA NA 6.0E-03 mg/kg/day NA

Vinyl chloride 2.0E+00 ug/L 1.6E-06 mg/kg-day 1.4E+00 1/(mg/kg/day) 2.2E-06 NA NA 3.0E-03 mg/kg/day NA

cis-1,2-Dichloroethene 1.2E+02 ug/L 1.6E-04 mg/kg-day NA NA NA NA NA 1.0E-02 mg/kg/day NA

trans-1,2-Dichloroethene 1.6E+01 ug/L 2.1E-05 mg/kg-day NA NA NA NA NA 2.0E-02 mg/kg/day NA

Naphthalene 5.2E+00 ug/L 5.1E-05 mg/kg-day NA NA NA NA NA 2.0E-02 mg/kg/day NA

bis(2-Ethylhexyl)phthalate 5.1E+00 ug/L 1.2E-04 mg/kg-day 1.4E-02 1/(mg/kg/day) 1.6E-06 NA NA 2.0E-02 mg/kg/day NA

Aluminum 4.3E+03 ug/L 3.6E-04 mg/kg-day NA NA NA NA NA 1.0E+00 mg/kg/day NA

Arsenic 1.2E+02 ug/L 1.1E-05 mg/kg-day 1.5E+00 1/(mg/kg/day) 1.6E-05 NA NA 3.0E-04 mg/kg/day NA

Barium 1.8E+02 ug/L 1.5E-05 mg/kg-day NA NA NA NA NA 4.9E-03 mg/kg/day NA

Beryllium 2.3E+00 ug/L 2.0E-07 mg/kg-day NA NA NA NA NA 1.4E-05 mg/kg/day NA

Cadmium 1.4E+00 ug/L 1.2E-07 mg/kg-day NA NA NA NA NA 2.5E-05 mg/kg/day NA

Chromium 1.4E+01 ug/L 2.3E-06 mg/kg-day NA NA NA NA NA 7.5E-05 mg/kg/day NA

Cobalt 6.2E+01 ug/L 2.1E-06 mg/kg-day NA NA NA NA NA 2.0E-02 mg/kg/day NA

Cyanide 2.3E+04 ug/L 2.0E-03 mg/kg-day NA NA NA NA NA 2.0E-02 mg/kg/day NA

Iron 2.0E+04 ug/L 1.7E-03 mg/kg-day NA NA NA NA NA 3.0E-01 mg/kg/day NA

Lead 3.1E+01 ug/L 2.6E-07 mg/kg-day NA NA NA NA NA NA NA NA

Manganese 2.7E+02 ug/L 2.3E-05 mg/kg-day NA NA NA NA NA 8.0E-04 mg/kg/day NA

Nickel 4.6E+01 ug/L 7.9E-07 mg/kg-day NA NA NA NA NA 8.0E-04 mg/kg/day NA

Thallium 5.1E+00 ug/L 4.4E-07 mg/kg-day NA NA NA NA NA 7.0E-05 mg/kg/day NA

Vanadium 1.0E+02 ug/L 8.6E-06 mg/kg-day NA NA NA NA NA 2.6E-05 mg/kg/day NA

Exp. Route Total 2.1E-02 0.0E+00

Exposure Point Total 9.5E-02 0.0E+00



TABLE 7.3.RME

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURE

Site 47 Feasibility Study 

NSF-IH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population: Resident

Receptor Age:  Child/Adult

Medium
Exposure 
Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern
Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Groundwater Air Upper Aquifer- Water 
Vapors at showerhead Inhalation

1,1,2,2-Tetrachloroethane 8.0E+00 ug/L 1.3E-04 mg/kg-day 2.0E-01 1/(mg/kg/day) 2.6E-05 NA NA NA NA NA

1,1,2-Trichloroethane 1.0E+00 ug/L 2.3E-05 mg/kg-day 5.6E-02 1/(mg/kg/day) 1.3E-06 NA NA NA NA NA

1,2-Dichloroethane 6.1E+01 ug/L 1.6E-03 mg/kg-day 9.1E-02 1/(mg/kg/day) 1.4E-04 NA NA 1.4E-03 mg/kg/day NA

Benzene 5.0E+00 ug/L 1.6E-04 mg/kg-day 2.7E-02 1/(mg/kg/day) 4.4E-06 NA NA 8.6E-03 mg/kg/day NA

Bromochloromethane 1.8E-01 ug/L 4.5E-06 mg/kg-day NA NA NA NA NA NA NA NA

Bromodichloromethane 1.0E+00 ug/L 2.3E-05 mg/kg-day NA NA NA NA NA NA NA NA

Carbon disulfide 9.4E+02 ug/L 3.2E-02 mg/kg-day NA NA NA NA NA 2.0E-01 mg/kg/day NA

Carbon tetrachloride 3.5E+04 ug/L 9.0E-01 mg/kg-day 5.3E-02 1/(mg/kg/day) 4.7E-02 NA NA 5.7E-04 mg/kg/day NA

Chloroform 9.2E+03 ug/L 2.5E-01 mg/kg-day 8.1E-02 1/(mg/kg/day) 2.0E-02 NA NA 1.4E-02 mg/kg/day NA

Tetrachloroethene 7.2E+02 ug/L 1.8E-02 mg/kg-day 2.0E-02 1/(mg/kg/day) 3.6E-04 NA NA 1.4E-01 mg/kg/day NA

Trichloroethene 2.1E+02 ug/L 5.7E-03 mg/kg-day 6.0E-03 1/(mg/kg/day) 3.4E-05 NA NA NA NA NA

Vinyl chloride 2.0E+00 ug/L 7.2E-05 mg/kg-day 3.1E-02 1/(mg/kg/day) 2.2E-06 NA NA 2.8E-02 mg/kg/day NA

cis-1,2-Dichloroethene 1.2E+02 ug/L 3.6E-03 mg/kg-day NA NA NA NA NA NA NA NA

trans-1,2-Dichloroethene 1.6E+01 ug/L 4.9E-04 mg/kg-day NA NA NA NA NA NA NA NA

Naphthalene 5.2E+00 ug/L 1.0E-04 mg/kg-day NA NA NA NA NA 9.0E-04 mg/kg/day NA

bis(2-Ethylhexyl)phthalate 5.1E+00 ug/L 4.8E-08 mg/kg-day 1.4E-02 1/(mg/kg/day) 6.7E-10 NA NA NA NA NA

Exp. Route Total 6.7E-02 0.0E+00

Exposure Point Total 6.7E-02 0.0E+00

Exposure Medium Total 6.7E-02 0.0E+00

Groundwater Total 1.6E-01 0.0E+00

Total of Receptor Risks Across All Media  1.6E-01 Total of Receptor Hazards Across All Media  0.0E+00



TABLE 7.4.RME

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURE

Site 47 Feasibility Study 

NSF-IH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population: Construction Worker

Receptor Age:  Adult

Medium
Exposure 
Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern
Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Groundwater Groundwater Dermal 1,1,2,2-Tetrachloroethane 8.0E+00 ug/L 2.2E-07 mg/kg-day 2.0E-01 1/(mg/kg/day) 4.5E-08 1.6E-05 NA 6.0E-02 mg/kg/day 2.6E-04
Absorption 1,1,2-Trichloroethane 1.0E+00 ug/L 2.4E-08 mg/kg-day 5.7E-02 1/(mg/kg/day) 1.4E-09 1.7E-06 NA 4.0E-02 mg/kg/day 4.2E-05

1,2-Dichloroethane 6.1E+01 ug/L 9.3E-07 mg/kg-day 9.1E-02 1/(mg/kg/day) 8.5E-08 6.5E-05 NA 2.0E-02 mg/kg/day 3.3E-03

Benzene 5.0E+00 ug/L 2.6E-07 mg/kg-day 5.5E-02 1/(mg/kg/day) 1.4E-08 1.8E-05 NA 3.0E-03 mg/kg/day 6.0E-03

Bromochloromethane 1.8E-01 ug/L 3.3E-09 mg/kg-day NA NA NA 2.3E-07 NA NA NA NA

Bromodichloromethane 1.0E+00 ug/L 1.9E-08 mg/kg-day 6.2E-02 1/(mg/kg/day) 1.2E-09 1.3E-06 NA 2.0E-02 mg/kg/day 6.5E-05

Carbon disulfide 9.4E+02 ug/L 5.5E-05 mg/kg-day NA NA NA 3.8E-03 NA 1.0E-01 mg/kg/day 3.8E-02

Carbon tetrachloride 3.5E+04 ug/L 2.1E-03 mg/kg-day 1.3E-01 1/(mg/kg/day) 2.8E-04 1.5E-01 NA 7.0E-04 mg/kg/day 2.1E+02

Chloroform 9.2E+03 ug/L 2.3E-04 mg/kg-day NA NA NA 1.6E-02 NA 1.0E-02 mg/kg/day 1.6E+00

Tetrachloroethene 7.2E+02 ug/L 8.9E-05 mg/kg-day 5.4E-01 1/(mg/kg/day) 4.8E-05 6.2E-03 NA 1.0E-01 mg/kg/day 6.2E-02

Trichloroethene 2.1E+02 ug/L 9.3E-06 mg/kg-day 1.1E-02 1/(mg/kg/day) 1.0E-07 6.5E-04 NA 6.0E-03 mg/kg/day 1.1E-01

Vinyl chloride 2.0E+00 ug/L 3.9E-08 mg/kg-day 7.2E-01 1/(mg/kg/day) 2.8E-08 2.7E-06 NA 3.0E-03 mg/kg/day 9.2E-04

cis-1,2-Dichloroethene 1.2E+02 ug/L 3.3E-06 mg/kg-day NA NA NA 2.3E-04 NA 1.0E-01 mg/kg/day 2.3E-03

trans-1,2-Dichloroethene 1.6E+01 ug/L 4.4E-07 mg/kg-day NA NA NA 3.1E-05 NA 2.0E-01 mg/kg/day 1.5E-04

Naphthalene 5.2E+00 ug/L 8.2E-07 mg/kg-day NA NA NA 5.7E-05 NA 2.0E-02 mg/kg/day 2.9E-03

bis(2-Ethylhexyl)phthalate 5.1E+00 ug/L 1.4E-06 mg/kg-day 1.4E-02 1/(mg/kg/day) 1.9E-08 9.5E-05 NA 2.0E-02 mg/kg/day 4.8E-03

Aluminum 4.3E+03 ug/L 1.4E-05 mg/kg-day NA NA NA 1.0E-03 NA 1.0E+00 mg/kg/day 1.0E-03

Arsenic 1.2E+02 ug/L 4.1E-07 mg/kg-day 1.5E+00 1/(mg/kg/day) 6.2E-07 2.9E-05 NA 3.0E-04 mg/kg/day 9.7E-02

Barium 1.8E+02 ug/L 6.1E-07 mg/kg-day NA NA NA 4.3E-05 NA 4.9E-03 mg/kg/day 8.7E-03

Beryllium 2.3E+00 ug/L 7.8E-09 mg/kg-day NA NA NA 5.4E-07 NA 3.5E-05 mg/kg/day 1.6E-02

Cadmium 1.4E+00 ug/L 4.8E-09 mg/kg-day NA NA NA 3.4E-07 NA 2.5E-05 mg/kg/day 1.4E-02

Chromium 1.4E+01 ug/L 9.1E-08 mg/kg-day NA NA NA 6.3E-06 NA 5.0E-04 mg/kg/day 1.3E-02

Cobalt 6.2E+01 ug/L 8.3E-08 mg/kg-day NA NA NA 5.8E-06 NA 2.0E-02 mg/kg/day 2.9E-04

Cyanide 2.3E+04 ug/L 7.8E-05 mg/kg-day NA NA NA 5.4E-03 NA 2.0E-02 mg/kg/day 2.7E-01

Iron 2.0E+04 ug/L 6.7E-05 mg/kg-day NA NA NA 4.7E-03 NA 3.0E-01 mg/kg/day 1.6E-02

Lead 3.1E+01 ug/L 1.0E-08 mg/kg-day NA NA NA 7.3E-07 NA NA NA NA

Manganese 2.7E+02 ug/L 8.9E-07 mg/kg-day NA NA NA 6.2E-05 NA 8.0E-04 mg/kg/day 7.8E-02

Nickel 4.6E+01 ug/L 3.1E-08 mg/kg-day NA NA NA 2.2E-06 NA 8.0E-04 mg/kg/day 2.7E-03

Thallium 5.1E+00 ug/L 1.7E-08 mg/kg-day NA NA NA 1.2E-06 NA 7.0E-05 mg/kg/day 1.7E-02

Vanadium 1.0E+02 ug/L 3.4E-07 mg/kg-day NA NA NA 2.4E-05 NA 1.8E-04 mg/kg/day 1.3E-01

Exp. Route Total 3.3E-04 2.2E+02

Exposure Point Total 3.3E-04 2.2E+02

Upper Aquifer-Shallow 
groundwater beneath 

disposal area



TABLE 7.4.RME

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURE

Site 47 Feasibility Study 

NSF-IH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population: Construction Worker

Receptor Age:  Adult

Medium
Exposure 
Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern
Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Groundwater Air Upper Aquifer- Water 
Vapors in Excavation Pit Inhalation

1,1,2,2-Tetrachloroethane 8.0E+00 ug/L 3.7E-08 mg/kg-day 2.0E-01 1/(mg/kg/day) 7.4E-09 2.6E-06 mg/kg-day NA NA NA

1,1,2-Trichloroethane 1.0E+00 ug/L 4.9E-09 mg/kg-day 5.6E-02 1/(mg/kg/day) 2.7E-10 3.4E-07 mg/kg-day NA NA NA

1,2-Dichloroethane 6.1E+01 ug/L 3.2E-07 mg/kg-day 9.1E-02 1/(mg/kg/day) 2.9E-08 2.2E-05 mg/kg-day 1.4E-03 mg/kg/day 1.6E-02

Benzene 5.0E+00 ug/L 2.8E-08 mg/kg-day 2.7E-02 1/(mg/kg/day) 7.5E-10 2.0E-06 mg/kg-day 1.7E-02 mg/kg/day 1.1E-04

Bromochloromethane 1.8E-01 ug/L 8.9E-10 mg/kg-day NA NA NA 6.2E-08 mg/kg-day NA NA NA

Bromodichloromethane 1.0E+00 ug/L 4.6E-09 mg/kg-day NA NA NA 3.2E-07 mg/kg-day NA NA NA

Carbon disulfide 9.4E+02 ug/L 5.3E-06 mg/kg-day NA NA NA 3.7E-04 mg/kg-day 2.0E-01 mg/kg/day 1.8E-03

Carbon tetrachloride 3.5E+04 ug/L 1.6E-04 mg/kg-day 5.3E-02 1/(mg/kg/day) 8.7E-06 1.1E-02 mg/kg-day 5.7E-04 mg/kg/day 2.0E+01

Chloroform 9.2E+03 ug/L 4.6E-05 mg/kg-day 8.1E-02 1/(mg/kg/day) 3.7E-06 3.2E-03 mg/kg-day 1.4E-02 mg/kg/day 2.3E-01

Tetrachloroethene 7.2E+02 ug/L 3.3E-06 mg/kg-day 2.0E-02 1/(mg/kg/day) 6.6E-08 2.3E-04 mg/kg-day 1.4E-01 mg/kg/day 1.7E-03

Trichloroethene 2.1E+02 ug/L 1.0E-06 mg/kg-day 6.0E-03 1/(mg/kg/day) 6.2E-09 7.2E-05 mg/kg-day NA NA NA

Vinyl chloride 2.0E+00 ug/L 1.2E-08 mg/kg-day 1.5E-02 1/(mg/kg/day) 1.8E-10 8.3E-07 mg/kg-day 2.8E-02 mg/kg/day 3.0E-05

cis-1,2-Dichloroethene 1.2E+02 ug/L 6.3E-07 mg/kg-day NA NA NA 4.4E-05 mg/kg-day NA NA NA

trans-1,2-Dichloroethene 1.6E+01 ug/L 8.5E-08 mg/kg-day NA NA NA 5.9E-06 mg/kg-day NA NA NA

Naphthalene 5.2E+00 ug/L 2.6E-08 mg/kg-day NA NA NA 1.8E-06 mg/kg-day 9.0E-04 mg/kg/day 2.0E-03

bis(2-Ethylhexyl)phthalate 5.1E+00 ug/L 6.0E-09 mg/kg-day 1.4E-02 1/(mg/kg/day) 8.4E-11 4.2E-07 mg/kg-day NA NA NA

Exp. Route Total 1.3E-05 2.0E+01

Exposure Point Total 1.3E-05 2.0E+01

Exposure Medium Total 1.3E-05 2.0E+01

Groundwater Total 3.4E-04 2.4E+02

Total of Receptor Risks Across All Media  3.4E-04 Total of Receptor Hazards Across All Media  2.4E+02

     Subchronic RfD value used if available.  Chronic value used if no subchronic value available.



Chemical Medium Permeability Lag Fraction Duration
of Potential EPC Coefficient Time t* Absorbed Water of Event DAevent Equation

Concern Value (Kp) B (τevent) (FA) (tevent)
 (cm/hr) (dimensionless) (hr) (hour) (dimensionless) (hr) (mg/cm2-event)

1,1,2,2-Tetrachloroethane 8.0E+00 6.9E-03 3.4E-02 9.3E-01 2.2E+00 1.0E+00 8 5.3E-07 3
1,1,2-Trichloroethane 1.0E+00 6.4E-03 2.8E-02 6.0E-01 1.4E+00 1.0E+00 8 5.8E-08 3
1,2-Dichloroethane 6.1E+01 4.2E-03 1.6E-02 3.8E-01 9.2E-01 1.0E+00 8 2.2E-06 3
Benzene 5.0E+00 1.5E-02 5.1E-02 2.9E-01 7.0E-01 1.0E+00 8 6.2E-07 3
Bromochloromethane 1.8E-01 4.6E-03 2.0E-02 8.8E-01 2.1E+00 1.0E+00 8 8.0E-09 3
Bromodichloromethane 1.0E+00 4.6E-03 2.3E-02 8.8E-01 2.1E+00 1.0E+00 8 4.4E-08 3
Carbon disulfide 9.4E+02 1.7E-02 5.7E-02 3.0E-01 7.2E-01 1.0E+00 8 1.3E-04 3
Carbon tetrachloride 3.5E+04 1.6E-02 7.6E-02 7.8E-01 1.9E+00 1.0E+00 8 5.1E-03 3
Chloroform 9.2E+03 6.8E-03 2.9E-02 5.0E-01 1.2E+00 1.0E+00 8 5.5E-04 3
Tetrachloroethene 7.2E+02 3.3E-02 1.6E-01 9.1E-01 2.2E+00 1.0E+00 8 2.1E-04 3
Trichloroethene 2.1E+02 1.2E-02 5.3E-02 5.8E-01 1.4E+00 1.0E+00 8 2.2E-05 3
Vinyl chloride 2.0E+00 5.6E-03 1.7E-02 2.4E-01 5.7E-01 1.0E+00 8 9.4E-08 3
cis-1,2-Dichloroethene 1.2E+02 7.7E-03 2.9E-02 3.7E-01 8.9E-01 1.0E+00 8 7.9E-06 3
trans-1,2-Dichloroethene 1.6E+01 7.7E-03 2.9E-02 3.7E-01 8.9E-01 1.0E+00 8 1.1E-06 3
Naphthalene 5.2E+00 4.7E-02 2.0E-01 5.6E-01 1.3E+00 1.0E+00 8 1.9E-06 3
bis(2-Ethylhexyl)phthalate 5.1E+00 2.5E-02 1.9E-01 1.7E+01 4.0E+01 8.0E-01 8 3.3E-06 2
Aluminum 4.3E+03 1.0E-03 N/A N/A N/A N/A 8 3.4E-05 1
Arsenic 1.2E+02 1.0E-03 N/A N/A N/A N/A 8 9.9E-07 1
Barium 1.8E+02 1.0E-03 N/A N/A N/A N/A 8 1.5E-06 1
Beryllium 2.3E+00 1.0E-03 N/A N/A N/A N/A 8 1.9E-08 1
Cadmium 1.4E+00 1.0E-03 N/A N/A N/A N/A 8 1.2E-08 1
Chromium 1.4E+01 2.0E-03 N/A N/A N/A N/A 8 2.2E-07 1
Cobalt 6.2E+01 4.0E-04 N/A N/A N/A N/A 8 2.0E-07 1
Cyanide 2.3E+04 1.0E-03 N/A N/A N/A N/A 8 1.9E-04 1
Iron 2.0E+04 1.0E-03 N/A N/A N/A N/A 8 1.6E-04 1
Lead 3.1E+01 1.0E-04 N/A N/A N/A N/A 8 2.5E-08 1
Manganese 2.7E+02 1.0E-03 N/A N/A N/A N/A 8 2.1E-06 1
Nickel 4.6E+01 2.0E-04 N/A N/A N/A N/A 8 7.4E-08 1
Thallium 5.1E+00 1.0E-03 N/A N/A N/A N/A 8 4.1E-08 1
Vanadium 1.0E+02 1.0E-03 N/A N/A N/A N/A 8 8.1E-07 1

Inorganics:  DAevent (mg/cm2-event) = 
Kp x CW x tevent x 0.001 mg/ug x 0.001 l/cm3  (eq 1)

Organics:  DAevent (mg/cm2-event) = 

(Eq 2)

(Eq 3)

Notes:
Permeability constants from EPA 2001, Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental 
     Guidance for Dermal Risk Assessment - Interim).  EPA/540/R/99/005. The default value of 0.001 was assigned to inorganics not listed in this document.
NA - Not applicable.
t* - Time to reach steady-state
B - Dimensionless ratio of the permeability coefficient of a compound through the stratum corneum relative to its permeability

Table 7.4.A.RME Supplement 
Calculation of DAevent (Construction Worker)

Site 47 Feasibility Study 
NSF-IH, Indian Head, Maryland
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Table 7.4.B.RME Supplement
Inhalation of Volatiles from Groundwater During Construction

Inhalation Exposure Concentrations Calculated Using a Two-Film Volatilization Model
Future Construction Worker Senario

Site 47 Feasibility Study 
NSF-IH, Indian Head, Maryland

Chemical Cw MW KH kl kg Kv ER ERa Ca
(μg/L) (mol/gram) (unitless) (cm/hr) (cm/hr) (cm/hr) (mg/hr-cm2) (g/sec-m2) (mg/m3)

1,1,2,2-Tetrachloroethane 8.00E+00 1.68E+02 1.50E-02 4.18E-02 1.76E+03 4.18E-02 3.34E-07 9.28E-10 2.63E-05
1,1,2-Trichloroethane 1.00E+00 1.33E+02 3.37E-02 4.43E-02 1.87E+03 4.43E-02 4.43E-08 1.23E-10 3.49E-06
1,2-Dichloroethane 6.10E+01 9.90E+01 4.82E-02 4.77E-02 2.01E+03 4.77E-02 2.91E-06 8.08E-09 2.30E-04
Benzene 5.00E+00 7.81E+01 2.27E-01 5.06E-02 2.13E+03 5.06E-02 2.53E-07 7.03E-10 2.00E-05
Bromochloromethane 1.80E-01 1.29E+02 5.97E-02 4.46E-02 1.88E+03 4.46E-02 8.03E-09 2.23E-11 6.33E-07
Bromodichloromethane 1.00E+00 1.64E+02 8.67E-02 4.21E-02 1.77E+03 4.21E-02 4.21E-08 1.17E-10 3.32E-06
Carbon disulfide 9.40E+02 7.61E+01 5.89E-01 5.10E-02 2.15E+03 5.10E-02 4.79E-05 1.33E-07 3.78E-03
Carbon tetrachloride 3.48E+04 1.54E+02 1.13E+00 4.28E-02 1.80E+03 4.27E-02 1.49E-03 4.14E-06 1.17E-01
Chloroform 9.19E+03 1.19E+02 1.50E-01 4.55E-02 1.92E+03 4.55E-02 4.19E-04 1.16E-06 3.30E-02
Tetrachloroethene 7.18E+02 1.66E+02 7.24E-01 4.20E-02 1.77E+03 4.20E-02 3.01E-05 8.36E-08 2.37E-03
Trichloroethene 2.10E+02 1.31E+02 4.22E-01 4.45E-02 1.88E+03 4.45E-02 9.34E-06 2.60E-08 7.37E-04
Vinyl chloride 2.00E+00 6.25E+01 1.14E+00 5.35E-02 2.26E+03 5.35E-02 1.07E-07 2.97E-10 8.45E-06
cis-1,2-Dichloroethene 1.20E+02 9.69E+01 1.67E-01 4.80E-02 2.02E+03 4.80E-02 5.76E-06 1.60E-08 4.54E-04
trans-1,2-Dichloroethene 1.60E+01 9.69E+01 3.83E-01 4.80E-02 2.02E+03 4.80E-02 7.68E-07 2.13E-09 6.05E-05
Naphthalene 5.19E+00 1.28E+02 1.80E-02 4.47E-02 1.89E+03 4.47E-02 2.32E-07 6.44E-10 1.83E-05
bis(2-Ethylhexyl)phthalate 5.10E+00 3.91E+02 1.10E-05 3.39E-02 1.43E+03 1.07E-02 5.47E-08 1.52E-10 4.31E-06

Equations
Equation 1 Kv= 1/(1/kl + 1/KH*Kg)
Equation 2 kg = 700(18/MW)1/4V

Equation 3 kl = (32/MW)1/4Ka'

Equation 4 ER = Kv * Cw * L/1000 cm3 * mg/1000 μg
Equation 5 ERa = ER * g/1000 mg * hr/60 min * min/60 sec * 10000cm2/m2

Variables Units Exposure Assumptions
Cw = groundwater concentration (μg/L) chem-specific
MW = molecular weight (mol/gram) chem-specific
KH - Henry's Law Constant (unitless) chem-specific
Kv = volatilization rate (cm/hr) Solved by Eq 1
kg = gas phase transfer coefficient (cm/hr) Solved by Eq 2
kl = liquid phase transfer coefficient (cm/hr) Solved by Eq 3
V = wind speed (m/s) 4.4
Ka' = aeration rate (cm/hr) 0.0633
ER = emission rate (mg/hr) Solved by Eq 4
A = area of excavation (utility ditch) (m2) 2,700
Era = area emission rate (g/sec-m2) Solved by Eq 5
Ca = air concentration (mg/m3) Solved using SCREEN3 model
Note:  aeration rate based on aeration rate for small pond (0.1/day) multiplied by depth of water



TABLE 7.5.RME

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURE

Site 47 Feasibility Study 

NSF-IH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population: Resident

Receptor Age:  Adult

Medium
Exposure 
Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern
Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Groundwater Groundwater Upper Aquifer-Tap Water Ingestion

(minus hot spot) 1,2-Dichloroethane 6.9E+00 ug/L NA NA 9.1E-02 1/(mg/kg/day) NA 1.9E-04 mg/kg/day 2.0E-02 mg/kg/day 9.5E-03

Bromochloromethane 1.8E-01 ug/L NA NA NA NA NA 4.9E-06 mg/kg/day NA NA NA

Bromodichloromethane 7.0E-01 ug/L NA NA 6.2E-02 1/(mg/kg/day) NA 1.9E-05 mg/kg/day 2.0E-02 mg/kg/day 9.6E-04

Carbon tetrachloride 3.6E+00 ug/L NA NA 1.3E-01 1/(mg/kg/day) NA 9.9E-05 mg/kg/day 7.0E-04 mg/kg/day 1.4E-01

Chloroform 7.9E+00 ug/L NA NA NA NA NA 2.2E-04 mg/kg/day 1.0E-02 mg/kg/day 2.2E-02

Tetrachloroethene 9.3E+01 ug/L NA NA 5.4E-01 1/(mg/kg/day) NA 2.6E-03 mg/kg/day 1.0E-02 mg/kg/day 2.6E-01

Trichloroethene 1.2E+02 ug/L NA NA 1.1E-02 1/(mg/kg/day) NA 3.2E-03 mg/kg/day 6.0E-03 mg/kg/day 5.3E-01

Vinyl chloride 2.0E+00 ug/L NA NA 1.4E+00 1/(mg/kg/day) NA 5.5E-05 mg/kg/day 3.0E-03 mg/kg/day 1.8E-02

cis-1,2-Dichloroethene 1.5E+01 ug/L NA NA NA NA NA 4.1E-04 mg/kg/day 1.0E-02 mg/kg/day 4.1E-02

Naphthalene 5.2E+00 ug/L NA NA NA NA NA 1.4E-04 mg/kg/day 2.0E-02 mg/kg/day 7.2E-03

bis(2-Ethylhexyl)phthalate 5.1E+00 ug/L NA NA 1.4E-02 1/(mg/kg/day) NA 1.4E-04 mg/kg/day 2.0E-02 mg/kg/day 7.0E-03

Aluminum 4.2E+03 ug/L NA NA NA NA NA 1.2E-01 mg/kg/day 1.0E+00 mg/kg/day 1.2E-01

Arsenic 1.9E+01 ug/L NA NA 1.5E+00 1/(mg/kg/day) NA 5.1E-04 mg/kg/day 3.0E-04 mg/kg/day 1.7E+00

Barium 1.9E+02 ug/L NA NA NA NA NA 5.3E-03 mg/kg/day 7.0E-02 mg/kg/day 7.6E-02

Chromium 8.8E+00 ug/L NA NA NA NA NA 2.4E-04 mg/kg/day 3.0E-03 mg/kg/day 8.1E-02

Cyanide 2.3E+04 ug/L NA NA NA NA NA 6.4E-01 mg/kg/day 2.0E-02 mg/kg/day 3.2E+01

Iron 9.9E+03 ug/L NA NA NA NA NA 2.7E-01 mg/kg/day 3.0E-01 mg/kg/day 9.0E-01

Manganese 2.8E+02 ug/L NA NA NA NA NA 7.7E-03 mg/kg/day 2.0E-02 mg/kg/day 3.9E-01

Thallium 3.6E+00 ug/L NA NA NA NA NA 9.9E-05 mg/kg/day 7.0E-05 mg/kg/day 1.4E+00

Vanadium 1.2E+01 ug/L NA NA NA NA NA 3.2E-04 mg/kg/day 1.0E-03 mg/kg/day 3.2E-01

Exp. Route Total NA 3.8E+01



TABLE 7.5.RME

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURE

Site 47 Feasibility Study 

NSF-IH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population: Resident

Receptor Age:  Adult

Medium
Exposure 
Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern
Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Dermal

Absorption 1,2-Dichloroethane 6.9E+00 ug/L NA NA 9.1E-02 1/(mg/kg/day) NA 9.3E-06 mg/kg/day 2.0E-02 mg/kg/day 4.7E-04

Bromochloromethane 1.8E-01 ug/L NA NA NA NA NA 4.0E-07 mg/kg/day NA NA NA

Bromodichloromethane 7.0E-01 ug/L NA NA 6.2E-02 1/(mg/kg/day) NA 1.6E-06 mg/kg/day 2.0E-02 mg/kg/day 7.8E-05

Carbon tetrachloride 3.6E+00 ug/L NA NA 1.3E-01 1/(mg/kg/day) NA 2.6E-05 mg/kg/day 7.0E-04 mg/kg/day 3.8E-02

Chloroform 7.9E+00 ug/L NA NA NA NA NA 2.0E-05 mg/kg/day 1.0E-02 mg/kg/day 2.0E-03

Tetrachloroethene 9.3E+01 ug/L NA NA 5.4E-01 1/(mg/kg/day) NA 1.5E-03 mg/kg/day 1.0E-02 mg/kg/day 1.5E-01

Trichloroethene 1.2E+02 ug/L NA NA 1.1E-02 1/(mg/kg/day) NA 5.6E-04 mg/kg/day 6.0E-03 mg/kg/day 9.3E-02

Vinyl chloride 2.0E+00 ug/L NA NA 1.4E+00 1/(mg/kg/day) NA 2.9E-06 mg/kg/day 3.0E-03 mg/kg/day 9.7E-04

cis-1,2-Dichloroethene 1.5E+01 ug/L NA NA NA NA NA 3.6E-05 mg/kg/day 1.0E-02 mg/kg/day 3.6E-03

Naphthalene 5.2E+00 ug/L NA NA NA NA NA 9.6E-05 mg/kg/day 2.0E-02 mg/kg/day 4.8E-03

bis(2-Ethylhexyl)phthalate 5.1E+00 ug/L NA NA 1.4E-02 1/(mg/kg/day) NA 2.2E-04 mg/kg/day 2.0E-02 mg/kg/day 1.1E-02

Aluminum 4.2E+03 ug/L NA NA NA NA NA 6.1E-04 mg/kg/day 1.0E+00 mg/kg/day 6.1E-04

Arsenic 1.9E+01 ug/L NA NA 1.5E+00 1/(mg/kg/day) NA 2.7E-06 mg/kg/day 3.0E-04 mg/kg/day 8.9E-03

Barium 1.9E+02 ug/L NA NA NA NA NA 2.8E-05 mg/kg/day 4.9E-03 mg/kg/day 5.7E-03

Chromium 8.8E+00 ug/L NA NA NA NA NA 2.5E-06 mg/kg/day 7.5E-05 mg/kg/day 3.4E-02

Cyanide 2.3E+04 ug/L NA NA NA NA NA 3.3E-03 mg/kg/day 2.0E-02 mg/kg/day 1.7E-01

Iron 9.9E+03 ug/L NA NA NA NA NA 1.4E-03 mg/kg/day 3.0E-01 mg/kg/day 4.7E-03

Manganese 2.8E+02 ug/L NA NA NA NA NA 4.0E-05 mg/kg/day 8.0E-04 mg/kg/day 5.0E-02

Thallium 3.6E+00 ug/L NA NA NA NA NA 5.2E-07 mg/kg/day 7.0E-05 mg/kg/day 7.4E-03

Vanadium 1.2E+01 ug/L NA NA NA NA NA 1.7E-06 mg/kg/day 2.6E-05 mg/kg/day 6.5E-02

Exp. Route Total NA 6.5E-01

Exposure Point Total NA 3.8E+01



TABLE 7.5.RME

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURE

Site 47 Feasibility Study 

NSF-IH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population: Resident

Receptor Age:  Adult

Medium
Exposure 
Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern
Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Groundwater Air Upper Aquifer- Water 
Vapors at showerhead Inhalation

(minus hot spot) 1,2-Dichloroethane 6.9E+00 ug/L NA NA 9.1E-02 1/(mg/kg/day) NA 5.3E-04 mg/kg/day 1.4E-03 mg/kg/day 3.8E-01

Bromochloromethane 1.8E-01 ug/L NA NA NA NA NA 1.3E-05 mg/kg/day NA NA NA

Bromodichloromethane 7.0E-01 ug/L NA NA NA NA NA 4.6E-05 mg/kg/day NA NA NA

Carbon tetrachloride 3.6E+00 ug/L NA NA 5.3E-02 1/(mg/kg/day) NA 2.7E-04 mg/kg/day 5.7E-04 mg/kg/day 4.8E-01

Chloroform 7.9E+00 ug/L NA NA 8.1E-02 1/(mg/kg/day) NA 6.2E-04 mg/kg/day 1.4E-02 mg/kg/day 4.5E-02

Tetrachloroethene 9.3E+01 ug/L NA NA 2.0E-02 1/(mg/kg/day) NA 6.8E-03 mg/kg/day 1.4E-01 mg/kg/day 4.9E-02

Trichloroethene 1.2E+02 ug/L NA NA 6.0E-03 1/(mg/kg/day) NA 9.3E-03 mg/kg/day NA NA NA

Vinyl chloride 2.0E+00 ug/L NA NA 3.1E-02 1/(mg/kg/day) NA 2.1E-04 mg/kg/day 2.8E-02 mg/kg/day 7.5E-03

cis-1,2-Dichloroethene 1.5E+01 ug/L NA NA NA NA NA 1.3E-03 mg/kg/day NA NA NA

Naphthalene 5.2E+00 ug/L NA NA NA NA NA 3.1E-04 mg/kg/day 9.0E-04 mg/kg/day 3.4E-01

bis(2-Ethylhexyl)phthalate 5.1E+00 ug/L NA NA 1.4E-02 1/(mg/kg/day) NA 1.4E-07 mg/kg/day NA NA NA

Exp. Route Total 0.0E+00 1.3E+00

Exposure Point Total 0.0E+00 1.3E+00

Exposure Medium Total 0.0E+00 1.3E+00

Groundwater Total 0.0E+00 4.0E+01

Total of Receptor Risks Across All Media  0.0E+00 Total of Receptor Hazards Across All Media  4.0E+01



TABLE 7.5.RME

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURE

Site 47 Feasibility Study 

NSF-IH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population: Resident

Receptor Age:  Adult

Medium
Exposure 
Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern
Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Groundwater Air Upper Aquifer- Water 
Vapors at showerhead Inhalation

(minus hot spot) 1,2-Dichloroethane 6.9E+00 ug/L NA NA 9.1E-02 1/(mg/kg/day) NA 5.3E-04 mg/kg/day 1.4E-03 mg/kg/day 3.8E-01

Bromochloromethane 1.8E-01 ug/L NA NA NA NA NA 1.3E-05 mg/kg/day NA NA NA

Bromodichloromethane 7.0E-01 ug/L NA NA NA NA NA 4.6E-05 mg/kg/day NA NA NA

Carbon tetrachloride 3.6E+00 ug/L NA NA 5.3E-02 1/(mg/kg/day) NA 2.7E-04 mg/kg/day 5.7E-04 mg/kg/day 4.8E-01

Chloroform 7.9E+00 ug/L NA NA 8.1E-02 1/(mg/kg/day) NA 6.2E-04 mg/kg/day 1.4E-02 mg/kg/day 4.5E-02

Tetrachloroethene 9.3E+01 ug/L NA NA 2.0E-02 1/(mg/kg/day) NA 6.8E-03 mg/kg/day 1.4E-01 mg/kg/day 4.9E-02

Trichloroethene 1.2E+02 ug/L NA NA 6.0E-03 1/(mg/kg/day) NA 9.3E-03 mg/kg/day NA NA NA

Vinyl chloride 2.0E+00 ug/L NA NA 3.1E-02 1/(mg/kg/day) NA 2.1E-04 mg/kg/day 2.8E-02 mg/kg/day 7.5E-03

cis-1,2-Dichloroethene 1.5E+01 ug/L NA NA NA NA NA 1.3E-03 mg/kg/day NA NA NA

Naphthalene 5.2E+00 ug/L NA NA NA NA NA 3.1E-04 mg/kg/day 9.0E-04 mg/kg/day 3.4E-01

bis(2-Ethylhexyl)phthalate 5.1E+00 ug/L NA NA 1.4E-02 1/(mg/kg/day) NA 1.4E-07 mg/kg/day NA NA NA

Exp. Route Total 0.0E+00 1.3E+00

Exposure Point Total 0.0E+00 1.3E+00

Exposure Medium Total 0.0E+00 1.3E+00

Groundwater Total 0.0E+00 4.0E+01

Total of Receptor Risks Across All Media  0.0E+00 Total of Receptor Hazards Across All Media  4.0E+01



Chemical Medium Permeability Lag Fraction Duration
of Potential EPC Coefficient Time t* Absorbed Water of Event DAevent Equation

Concern Value (Kp) B (τevent) (FA) (tevent)
 (cm/hr) (dimensionless) (hr) (hour) (dimensionless) (hr) (mg/cm2-event)

1,2-Dichloroethane 6.9E+00 4.2E-03 1.6E-02 3.8E-01 9.2E-01 1.0E+00 0.58 3.8E-08 2
Bromochloromethane 1.8E-01 4.6E-03 2.0E-02 8.8E-01 2.1E+00 1.0E+00 0.58 1.6E-09 2
Bromodichloromethane 7.0E-01 4.6E-03 2.3E-02 8.8E-01 2.1E+00 1.0E+00 0.58 6.4E-09 2
Carbon tetrachloride 3.6E+00 1.6E-02 7.6E-02 7.8E-01 1.9E+00 1.0E+00 0.58 1.1E-07 2
Chloroform 7.9E+00 6.8E-03 2.9E-02 5.0E-01 1.2E+00 1.0E+00 0.58 8.0E-08 2
Tetrachloroethene 9.3E+01 3.3E-02 1.6E-01 9.1E-01 2.2E+00 1.0E+00 0.58 6.2E-06 2
Trichloroethene 1.2E+02 1.2E-02 5.3E-02 5.8E-01 1.4E+00 1.0E+00 0.58 2.3E-06 2
Vinyl chloride 2.0E+00 5.6E-03 1.7E-02 2.4E-01 5.7E-01 1.0E+00 0.58 1.2E-08 3
cis-1,2-Dichloroethene 1.5E+01 7.7E-03 2.9E-02 3.7E-01 8.9E-01 1.0E+00 0.58 1.5E-07 2
Naphthalene 5.2E+00 4.7E-02 2.0E-01 5.6E-01 1.3E+00 1.0E+00 0.58 3.9E-07 2
bis(2-Ethylhexyl)phthalate 5.1E+00 2.5E-02 1.9E-01 1.7E+01 4.0E+01 8.0E-01 0.58 8.8E-07 2
Aluminum 4.2E+03 1.0E-03 N/A N/A N/A N/A 0.58 2.5E-06 1
Arsenic 1.9E+01 1.0E-03 N/A N/A N/A N/A 0.58 1.1E-08 1
Barium 1.9E+02 1.0E-03 N/A N/A N/A N/A 0.58 1.1E-07 1
Chromium 8.8E+00 2.0E-03 N/A N/A N/A N/A 0.58 1.0E-08 1
Cyanide 2.3E+04 1.0E-03 N/A N/A N/A N/A 0.58 1.3E-05 1
Iron 9.9E+03 1.0E-03 N/A N/A N/A N/A 0.58 5.7E-06 1
Manganese 2.8E+02 1.0E-03 N/A N/A N/A N/A 0.58 1.6E-07 1
Thallium 3.6E+00 1.0E-03 N/A N/A N/A N/A 0.58 2.1E-09 1
Vanadium 1.2E+01 1.0E-03 N/A N/A N/A N/A 0.58 6.8E-09 1

Inorganics:  DAevent (mg/cm2-event) = 
Kp x CW x tevent x 0.001 mg/ug x 0.001 l/cm3  (eq 1)

Organics:  DAevent (mg/cm2-event) = 

(Eq 2)

(Eq 3)

Notes:
Permeability constants from EPA 2001, Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental 
     Guidance for Dermal Risk Assessment - Interim).  EPA/540/R/99/005. The default value of 0.001 was assigned to inorganics not listed in this document.
NA - Not applicable.
t* - Time to reach steady-state
B - Dimensionless ratio of the permeability coefficient of a compound through the stratum corneum relative to its permeability

Table 7.5.A.RME Supplement 
Calculation of DAevent (Adult)

Site 47 Feasibility Study 
NSF-IH, Indian Head, Maryland
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Table 7.5.RME Supplement B
Inhalation Exposure Concentrations from Foster and Chrostowski Shower Model

Site 47 Feasibility Study - NSF-IH, Indian Head, Maryland

Chemical

Exposure Point 
Concentration  Cwo  

(μg/l)
Molecular weight 

(HH) (g/mole)
Henry's Law Constant 

(H) (atm-m3/mole)
Kg (VOC) 

(cm/hr) Kl(VOC) (cm/hr) KL (cm/hr) Kal (cm/hr) Cwd (μg/l) S (μg/m3 -min)

Calculated Inhalation 
Exposure (Einh) 
(mg/kg/shower)

1,2-Dichloroethane 6.9E+00 9.90E+01 9.8E-04 1.3E+03 1.3E+01 1.1E+01 1.4E+01 2.6E+00 1.76E+01 5.5E-04
Bromochloromethane 1.8E-01 1.29E+02 1.6E-03 1.1E+03 1.2E+01 1.0E+01 1.4E+01 6.6E-02 4.38E-01 1.4E-05
Bromodichloromethane 7.0E-01 1.64E+02 1.6E-03 9.9E+02 1.0E+01 9.0E+00 1.2E+01 2.3E-01 1.55E+00 4.8E-05
Carbon tetrachloride 3.6E+00 1.54E+02 3.1E-02 1.0E+03 1.1E+01 1.1E+01 1.4E+01 1.4E+00 9.12E+00 2.8E-04
Chloroform 7.9E+00 1.19E+02 2.9E-03 1.2E+03 1.2E+01 1.1E+01 1.5E+01 3.1E+00 2.09E+01 6.5E-04
Tetrachloroethene 9.3E+01 1.66E+02 2.6E-02 9.9E+02 1.0E+01 1.0E+01 1.4E+01 3.4E+01 2.29E+02 7.1E-03
Trichloroethene 1.2E+02 1.31E+02 1.0E-02 1.1E+03 1.2E+01 1.1E+01 1.5E+01 4.7E+01 3.11E+02 9.7E-03
Vinyl chloride 2.0E+00 6.30E+01 8.2E-02 1.6E+03 1.7E+01 1.7E+01 2.3E+01 1.1E+00 7.04E+00 2.2E-04
cis-1,2-Dichloroethene 1.5E+01 9.69E+01 7.6E-03 1.3E+03 1.3E+01 1.3E+01 1.8E+01 6.7E+00 4.44E+01 1.4E-03
Naphthalene 5.2E+00 1.28E+02 4.8E-04 1.1E+03 1.2E+01 7.7E+00 1.0E+01 1.5E+00 1.03E+01 3.2E-04
bis(2-Ethylhexyl)phthalate 5.1E+00 3.10E+02 1.0E-07 7.2E+02 7.5E+00 3.1E-03 4.2E-03 7.1E-04 4.70E-03 1.5E-07

Variables Units Exposure Assumptions
Kg(VOC) = gas-film mass transfer coefficient cm/hr Solved by Eq 1
Kl(VOC) = liquid-film mass transfer coefficient cm/hr Solved by Eq 2
KL = overall mass transfer coefficient cm/hr Solved by Eq 3
Kal = adjusted overall mass transfer coeff. cm/hr Solved by Eq 4
Tl = Calibration temp. of water K (20C +273) 293
Ts = Shower water temperature k (45C) 318
Us = water viscosity at Ts centipoise 0.596
Ul = water viscosity at Tl cp 1.002
Cwd = conc. leaving droplets after time sdt μg/l Solved by Eq 5
sdt = shower droplet drop time sec 2
d =  shower droplet diameter mm 1
FR = shower water flow rate l/min 20
SV = shower room air volume m3 3
S = indoor VOC generation rate μg/m3-min Solved by Eq 6
VR = ventilation rate l/min 13.8

Variables Units Exposure Assumptions
BW = body weight kg 70
Ds = duration of shower min 12
Dt = total duration in shower room min 20
R = air exchange rate min-1 0.0083
Ca = indoor air concentration of VOCs μg/m3 Solved by Eq 7
Einh = inhalation exposure per shower mg/kg/shower Solved by Eq 8

Equation 1: Kg(VOC) = 3000 * (18 / HH)0.5

Equation 2: Kl(VOC) = 20 * (44 / HH)0.5

Equation 3: KL = ((1 / Kl(VOC)) + (0.024 / (Kg (VOC) * H))) -1

Equation 4: Kal = (KL * (((Tl * Us) / (Ts * Ul)) -0.5))
Equation 5: Cwd =  (Cwo * (1-EXP((-1 * Kal * sdt)/(60 * d))))
Equation 6: S =  (Cwd * FR / SV)
Equation 7: see time series example on Table I-GW-5
Equation 8: Einh = If t>Ds  (((VR * S) / (BW * R * 1000000)) *

       ((Ds + (EXP(-R * Dt) / R)-(EXP(R *
       (Ds - Dt))) / R)))

Henry's Law Constant from  USEPA's Superfund Public Health Evaluation Manual.   USEPA/540/1-86/060, October 1986.



TABLE 7.6.RME

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURE

Site 47 Feasibility Study 

NSF-IH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population: Resident

Receptor Age:  Child

Medium
Exposure 
Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern
Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Groundwater Groundwater Upper Aquifer-Tap Water Ingestion

(minus hot spot) 1,2-Dichloroethane 6.9E+00 ug/L NA NA 9.1E-02 1/(mg/kg/day) NA 4.4E-04 mg/kg/day 2.0E-02 mg/kg/day 2.2E-02

Bromochloromethane 1.8E-01 ug/L NA NA NA NA NA 1.2E-05 mg/kg/day NA NA NA

Bromodichloromethane 7.0E-01 ug/L NA NA 6.2E-02 1/(mg/kg/day) NA 4.5E-05 mg/kg/day 2.0E-02 mg/kg/day 2.2E-03

Carbon tetrachloride 3.6E+00 ug/L NA NA 1.3E-01 1/(mg/kg/day) NA 2.3E-04 mg/kg/day 7.0E-04 mg/kg/day 3.3E-01

Chloroform 7.9E+00 ug/L NA NA NA NA NA 5.1E-04 mg/kg/day 1.0E-02 mg/kg/day 5.1E-02

Tetrachloroethene 9.3E+01 ug/L NA NA 5.4E-01 1/(mg/kg/day) NA 6.0E-03 mg/kg/day 1.0E-02 mg/kg/day 6.0E-01

Trichloroethene 1.2E+02 ug/L NA NA 1.1E-02 1/(mg/kg/day) NA 7.5E-03 mg/kg/day 6.0E-03 mg/kg/day 1.2E+00

Vinyl chloride 2.0E+00 ug/L NA NA 1.4E+00 1/(mg/kg/day) NA 1.3E-04 mg/kg/day 3.0E-03 mg/kg/day 4.3E-02

cis-1,2-Dichloroethene 1.5E+01 ug/L NA NA NA NA NA 9.6E-04 mg/kg/day 1.0E-02 mg/kg/day 9.6E-02

Naphthalene 5.2E+00 ug/L NA NA NA NA NA 3.4E-04 mg/kg/day 2.0E-02 mg/kg/day 1.7E-02

bis(2-Ethylhexyl)phthalate 5.1E+00 ug/L NA NA 1.4E-02 1/(mg/kg/day) NA 3.3E-04 mg/kg/day 2.0E-02 mg/kg/day 1.6E-02

Aluminum 4.2E+03 ug/L NA NA NA NA NA 2.7E-01 mg/kg/day 1.0E+00 mg/kg/day 2.7E-01

Arsenic 1.9E+01 ug/L NA NA 1.5E+00 1/(mg/kg/day) NA 1.2E-03 mg/kg/day 3.0E-04 mg/kg/day 4.0E+00

Barium 1.9E+02 ug/L NA NA NA NA NA 1.2E-02 mg/kg/day 7.0E-02 mg/kg/day 1.8E-01

Chromium 8.8E+00 ug/L NA NA NA NA NA 5.6E-04 mg/kg/day 3.0E-03 mg/kg/day 1.9E-01

Cyanide 2.3E+04 ug/L NA NA NA NA NA 1.5E+00 mg/kg/day 2.0E-02 mg/kg/day 7.4E+01

Iron 9.9E+03 ug/L NA NA NA NA NA 6.3E-01 mg/kg/day 3.0E-01 mg/kg/day 2.1E+00

Manganese 2.8E+02 ug/L NA NA NA NA NA 1.8E-02 mg/kg/day 2.0E-02 mg/kg/day 9.0E-01

Thallium 3.6E+00 ug/L NA NA NA NA NA 2.3E-04 mg/kg/day 7.0E-05 mg/kg/day 3.3E+00

Vanadium 1.2E+01 ug/L NA NA NA NA NA 7.5E-04 mg/kg/day 1.0E-03 mg/kg/day 7.5E-01

Exp. Route Total NA 8.8E+01



TABLE 7.6.RME

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURE

Site 47 Feasibility Study 

NSF-IH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population: Resident

Receptor Age:  Child

Medium
Exposure 
Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern
Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Dermal

Absorption 1,2-Dichloroethane 6.9E+00 ug/L NA NA 9.1E-02 1/(mg/kg/day) NA 2.2E-05 mg/kg/day 2.0E-02 mg/kg/day 1.1E-03

Bromochloromethane 1.8E-01 ug/L NA NA NA NA NA 9.1E-07 mg/kg/day NA NA NA

Bromodichloromethane 7.0E-01 ug/L NA NA 6.2E-02 1/(mg/kg/day) NA 3.5E-06 mg/kg/day 2.0E-02 mg/kg/day 1.8E-04

Carbon tetrachloride 3.6E+00 ug/L NA NA 1.3E-01 1/(mg/kg/day) NA 5.9E-05 mg/kg/day 7.0E-04 mg/kg/day 8.5E-02

Chloroform 7.9E+00 ug/L NA NA NA NA NA 4.4E-05 mg/kg/day 1.0E-02 mg/kg/day 4.4E-03

Tetrachloroethene 9.3E+01 ug/L NA NA 5.4E-01 1/(mg/kg/day) NA 3.4E-03 mg/kg/day 1.0E-02 mg/kg/day 3.4E-01

Trichloroethene 1.2E+02 ug/L NA NA 1.1E-02 1/(mg/kg/day) NA 1.2E-03 mg/kg/day 6.0E-03 mg/kg/day 2.1E-01

Vinyl chloride 2.0E+00 ug/L NA NA 1.4E+00 1/(mg/kg/day) NA 7.0E-06 mg/kg/day 3.0E-03 mg/kg/day 2.3E-03

cis-1,2-Dichloroethene 1.5E+01 ug/L NA NA NA NA NA 8.4E-05 mg/kg/day 1.0E-02 mg/kg/day 8.4E-03

Naphthalene 5.2E+00 ug/L NA NA NA NA NA 2.2E-04 mg/kg/day 2.0E-02 mg/kg/day 1.1E-02

bis(2-Ethylhexyl)phthalate 5.1E+00 ug/L NA NA 1.4E-02 1/(mg/kg/day) NA 4.9E-04 mg/kg/day 2.0E-02 mg/kg/day 2.4E-02

Aluminum 4.2E+03 ug/L NA NA NA NA NA 1.8E-03 mg/kg/day 1.0E+00 mg/kg/day 1.8E-03

Arsenic 1.9E+01 ug/L NA NA 1.5E+00 1/(mg/kg/day) NA 7.9E-06 mg/kg/day 3.0E-04 mg/kg/day 2.6E-02

Barium 1.9E+02 ug/L NA NA NA NA NA 8.2E-05 mg/kg/day 4.9E-03 mg/kg/day 1.7E-02

Chromium 8.8E+00 ug/L NA NA NA NA NA 7.4E-06 mg/kg/day 7.5E-05 mg/kg/day 9.9E-02

Cyanide 2.3E+04 ug/L NA NA NA NA NA 9.8E-03 mg/kg/day 2.0E-02 mg/kg/day 4.9E-01

Iron 9.9E+03 ug/L NA NA NA NA NA 4.2E-03 mg/kg/day 3.0E-01 mg/kg/day 1.4E-02

Manganese 2.8E+02 ug/L NA NA NA NA NA 1.2E-04 mg/kg/day 8.0E-04 mg/kg/day 1.5E-01

Thallium 3.6E+00 ug/L NA NA NA NA NA 1.5E-06 mg/kg/day 7.0E-05 mg/kg/day 2.2E-02

Vanadium 1.2E+01 ug/L NA NA NA NA NA 5.0E-06 mg/kg/day 2.6E-05 mg/kg/day 1.9E-01

Exp. Route Total NA 1.7E+00

Exposure Point Total NA 9.0E+01

Exposure Medium Total NA 9.0E+01

Groundwater Total NA 9.0E+01

Total of Receptor Risks Across All Media  NA Total of Receptor Hazards Across All Media  9.0E+01



Chemical Medium Permeability Lag Fraction Duration
of Potential EPC Coefficient Time t* Absorbed Water of Event DAevent Equation

Concern Value (Kp) B (τevent) (FA) (tevent)
 (cm/hr) (dimensionless) (hr) (hour) (dimensionless) (hr) (mg/cm2-event)

1,2-Dichloroethane 6.9E+00 4.2E-03 1.6E-02 3.8E-01 9.2E-01 1.0E+00 1 5.1E-08 3
Bromochloromethane 1.8E-01 4.6E-03 2.0E-02 8.8E-01 2.1E+00 1.0E+00 1 2.1E-09 2
Bromodichloromethane 7.0E-01 4.6E-03 2.3E-02 8.8E-01 2.1E+00 1.0E+00 1 8.3E-09 2
Carbon tetrachloride 3.6E+00 1.6E-02 7.6E-02 7.8E-01 1.9E+00 1.0E+00 1 1.4E-07 2
Chloroform 7.9E+00 6.8E-03 2.9E-02 5.0E-01 1.2E+00 1.0E+00 1 1.1E-07 2
Tetrachloroethene 9.3E+01 3.3E-02 1.6E-01 9.1E-01 2.2E+00 1.0E+00 1 8.1E-06 2
Trichloroethene 1.2E+02 1.2E-02 5.3E-02 5.8E-01 1.4E+00 1.0E+00 1 3.0E-06 2
Vinyl chloride 2.0E+00 5.6E-03 1.7E-02 2.4E-01 5.7E-01 1.0E+00 1 1.6E-08 3
cis-1,2-Dichloroethene 1.5E+01 7.7E-03 2.9E-02 3.7E-01 8.9E-01 1.0E+00 1 2.0E-07 3
Naphthalene 5.2E+00 4.7E-02 2.0E-01 5.6E-01 1.3E+00 1.0E+00 1 5.1E-07 2
bis(2-Ethylhexyl)phthalate 5.1E+00 2.5E-02 1.9E-01 1.7E+01 4.0E+01 8.0E-01 1 1.2E-06 2
Aluminum 4.2E+03 1.0E-03 N/A N/A N/A N/A 1 4.2E-06 1
Arsenic 1.9E+01 1.0E-03 N/A N/A N/A N/A 1 1.9E-08 1
Barium 1.9E+02 1.0E-03 N/A N/A N/A N/A 1 1.9E-07 1
Chromium 8.8E+00 2.0E-03 N/A N/A N/A N/A 1 1.8E-08 1
Cyanide 2.3E+04 1.0E-03 N/A N/A N/A N/A 1 2.3E-05 1
Iron 9.9E+03 1.0E-03 N/A N/A N/A N/A 1 9.9E-06 1
Manganese 2.8E+02 1.0E-03 N/A N/A N/A N/A 1 2.8E-07 1
Thallium 3.6E+00 1.0E-03 N/A N/A N/A N/A 1 3.6E-09 1
Vanadium 1.2E+01 1.0E-03 N/A N/A N/A N/A 1 1.2E-08 1

Inorganics:  DAevent (mg/cm2-event) = 
Kp x CW x tevent x 0.001 mg/ug x 0.001 l/cm3  (eq 1)

Organics:  DAevent (mg/cm2-event) = 

(Eq 2)

(Eq 3)

Notes:
Permeability constants from EPA 2001, Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental 
     Guidance for Dermal Risk Assessment - Interim).  EPA/540/R/99/005. The default value of 0.001 was assigned to inorganics not listed in this document.
NA - Not applicable.
t* - Time to reach steady-state
B - Dimensionless ratio of the permeability coefficient of a compound through the stratum corneum relative to its permeability

Table 7.6A.RME Supplement 
Calculation of DAevent (Child)

Site 47 Feasibility Study 
NDWIH, Indian Head, Maryland
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TABLE 7.7.RME

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURE

Site 47 Feasibility Study 

NDWIH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population: Resident

Receptor Age: Child/Adult

Medium
Exposure 
Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern
Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Groundwater Groundwater Upper Aquifer-Tap Water Ingestion

(minus hot spot) 1,2-Dichloroethane 6.9E+00 ug/L 1.0E-04 mg/kg-day 9.1E-02 1/(mg/kg/day) 9.4E-06 NA NA 2.0E-02 mg/kg/day NA

Bromochloromethane 1.8E-01 ug/L 2.7E-06 mg/kg-day NA NA NA NA NA NA NA NA

Bromodichloromethane 7.0E-01 ug/L 1.0E-05 mg/kg-day 6.2E-02 1/(mg/kg/day) 6.5E-07 NA NA 2.0E-02 mg/kg/day NA

Carbon tetrachloride 3.6E+00 ug/L 5.4E-05 mg/kg-day 1.3E-01 1/(mg/kg/day) 7.0E-06 NA NA 7.0E-04 mg/kg/day NA

Chloroform 7.9E+00 ug/L 1.2E-04 mg/kg-day NA NA NA NA NA 1.0E-02 mg/kg/day NA

Tetrachloroethene 9.3E+01 ug/L 1.4E-03 mg/kg-day 5.4E-01 1/(mg/kg/day) 7.5E-04 NA NA 1.0E-02 mg/kg/day NA

Trichloroethene 1.2E+02 ug/L 1.7E-03 mg/kg-day 1.1E-02 1/(mg/kg/day) 1.9E-05 NA NA 6.0E-03 mg/kg/day NA

Vinyl chloride 2.0E+00 ug/L 3.0E-05 mg/kg-day 1.4E+00 1/(mg/kg/day) 4.2E-05 NA NA 3.0E-03 mg/kg/day NA

cis-1,2-Dichloroethene 1.5E+01 ug/L 2.2E-04 mg/kg-day NA NA NA NA NA 1.0E-02 mg/kg/day NA

Naphthalene 5.2E+00 ug/L 7.8E-05 mg/kg-day NA NA NA NA NA 2.0E-02 mg/kg/day NA

bis(2-Ethylhexyl)phthalate 5.1E+00 ug/L 7.6E-05 mg/kg-day 1.4E-02 1/(mg/kg/day) 1.1E-06 NA NA 2.0E-02 mg/kg/day NA

Aluminum 4.2E+03 ug/L 6.3E-02 mg/kg-day NA NA NA NA NA 1.0E+00 mg/kg/day NA

Arsenic 1.9E+01 ug/L 2.8E-04 mg/kg-day 1.5E+00 1/(mg/kg/day) 4.2E-04 NA NA 3.0E-04 mg/kg/day NA

Barium 1.9E+02 ug/L 2.9E-03 mg/kg-day NA NA NA NA NA 7.0E-02 mg/kg/day NA

Chromium 8.8E+00 ug/L 1.3E-04 mg/kg-day NA NA NA NA NA 3.0E-03 mg/kg/day NA

Cyanide 2.3E+04 ug/L 3.5E-01 mg/kg-day NA NA NA NA NA 2.0E-02 mg/kg/day NA

Iron 9.9E+03 ug/L 1.5E-01 mg/kg-day NA NA NA NA NA 3.0E-01 mg/kg/day NA

Manganese 2.8E+02 ug/L 4.2E-03 mg/kg-day NA NA NA NA NA 2.0E-02 mg/kg/day NA

Thallium 3.6E+00 ug/L 5.4E-05 mg/kg-day NA NA NA NA NA 7.0E-05 mg/kg/day NA

Vanadium 1.2E+01 ug/L 1.8E-04 mg/kg-day NA NA NA NA NA 1.0E-03 mg/kg/day NA

Exp. Route Total 1.3E-03 0.0E+00



TABLE 7.7.RME

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURE

Site 47 Feasibility Study 

NDWIH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population: Resident

Receptor Age: Child/Adult

Medium
Exposure 
Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern
Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Dermal

Absorption 1,2-Dichloroethane 6.9E+00 ug/L 5.1E-06 mg/kg-day 9.1E-02 1/(mg/kg/day) 4.6E-07 NA NA 2.0E-02 mg/kg/day NA

Bromochloromethane 1.8E-01 ug/L 2.2E-07 mg/kg-day NA NA NA NA NA NA NA NA

Bromodichloromethane 7.0E-01 ug/L 8.4E-07 mg/kg-day 6.2E-02 1/(mg/kg/day) 5.2E-08 NA NA 2.0E-02 mg/kg/day NA

Carbon tetrachloride 3.6E+00 ug/L 1.4E-05 mg/kg-day 1.3E-01 1/(mg/kg/day) 1.8E-06 NA NA 7.0E-04 mg/kg/day NA

Chloroform 7.9E+00 ug/L 1.1E-05 mg/kg-day NA NA NA NA NA 1.0E-02 mg/kg/day NA

Tetrachloroethene 9.3E+01 ug/L 8.2E-04 mg/kg-day 5.4E-01 1/(mg/kg/day) 4.4E-04 NA NA 1.0E-02 mg/kg/day NA

Trichloroethene 1.2E+02 ug/L 3.0E-04 mg/kg-day 1.1E-02 1/(mg/kg/day) 3.3E-06 NA NA 6.0E-03 mg/kg/day NA

Vinyl chloride 2.0E+00 ug/L 1.6E-06 mg/kg-day 1.4E+00 1/(mg/kg/day) 2.2E-06 NA NA 3.0E-03 mg/kg/day NA

cis-1,2-Dichloroethene 1.5E+01 ug/L 2.0E-05 mg/kg-day NA NA NA NA NA 1.0E-02 mg/kg/day NA

Naphthalene 5.2E+00 ug/L 5.1E-05 mg/kg-day NA NA NA NA NA 2.0E-02 mg/kg/day NA

bis(2-Ethylhexyl)phthalate 5.1E+00 ug/L 1.2E-04 mg/kg-day 1.4E-02 1/(mg/kg/day) 1.6E-06 NA NA 2.0E-02 mg/kg/day NA

Aluminum 4.2E+03 ug/L 3.6E-04 mg/kg-day NA NA NA NA NA 1.0E+00 mg/kg/day NA

Arsenic 1.9E+01 ug/L 1.6E-06 mg/kg-day 1.5E+00 1/(mg/kg/day) 2.4E-06 NA NA 3.0E-04 mg/kg/day NA

Barium 1.9E+02 ug/L 1.7E-05 mg/kg-day NA NA NA NA NA 4.9E-03 mg/kg/day NA

Chromium 8.8E+00 ug/L 1.5E-06 mg/kg-day NA NA NA NA NA 7.5E-05 mg/kg/day NA

Cyanide 2.3E+04 ug/L 2.0E-03 mg/kg-day NA NA NA NA NA 2.0E-02 mg/kg/day NA

Iron 9.9E+03 ug/L 8.4E-04 mg/kg-day NA NA NA NA NA 3.0E-01 mg/kg/day NA

Manganese 2.8E+02 ug/L 2.4E-05 mg/kg-day NA NA NA NA NA 8.0E-04 mg/kg/day NA

Thallium 3.6E+00 ug/L 3.1E-07 mg/kg-day NA NA NA NA NA 7.0E-05 mg/kg/day NA

Vanadium 1.2E+01 ug/L 1.0E-06 mg/kg-day NA NA NA NA NA 2.6E-05 mg/kg/day NA

Exp. Route Total 4.5E-04 0.0E+00

Exposure Point Total 1.7E-03 0.0E+00



TABLE 7.7.RME

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURE

Site 47 Feasibility Study 

NDWIH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population: Resident

Receptor Age: Child/Adult

Medium
Exposure 
Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern
Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Groundwater Air
Upper Aquifer- Water 
Vapors at showerhead 

(minus hot spot)
Inhalation

1,2-Dichloroethane 6.9E+00 ug/L 1.8E-04 mg/kg-day 9.1E-02 1/(mg/kg/day) 1.6E-05 NA NA 1.4E-03 mg/kg/day NA

Bromochloromethane 1.8E-01 ug/L 4.5E-06 mg/kg-day NA NA NA NA NA NA NA NA

Bromodichloromethane 7.0E-01 ug/L 1.6E-05 mg/kg-day NA NA NA NA NA NA NA NA

Carbon tetrachloride 3.6E+00 ug/L 9.3E-05 mg/kg-day 5.3E-02 1/(mg/kg/day) 4.9E-06 NA NA 5.7E-04 mg/kg/day NA

Chloroform 7.9E+00 ug/L 2.1E-04 mg/kg-day 8.1E-02 1/(mg/kg/day) 1.7E-05 NA NA 1.4E-02 mg/kg/day NA

Tetrachloroethene 9.3E+01 ug/L 2.3E-03 mg/kg-day 2.0E-02 1/(mg/kg/day) 4.7E-05 NA NA 1.4E-01 mg/kg/day NA

Trichloroethene 1.2E+02 ug/L 3.2E-03 mg/kg-day 6.0E-03 1/(mg/kg/day) 1.9E-05 NA NA NA NA NA

Vinyl chloride 2.0E+00 ug/L 7.2E-05 mg/kg-day 3.1E-02 1/(mg/kg/day) 2.2E-06 NA NA 2.8E-02 mg/kg/day NA

cis-1,2-Dichloroethene 1.5E+01 ug/L 4.6E-04 mg/kg-day NA NA NA NA NA NA NA NA

Naphthalene 5.2E+00 ug/L 1.1E-04 mg/kg-day NA NA NA NA NA 9.0E-04 mg/kg/day NA

bis(2-Ethylhexyl)phthalate 5.1E+00 ug/L 4.8E-08 mg/kg-day 1.4E-02 1/(mg/kg/day) 6.7E-10 NA NA NA NA NA

Exp. Route Total 1.1E-04 0.0E+00

Exposure Point Total 1.1E-04 0.0E+00

Exposure Medium Total 1.1E-04 0.0E+00

Groundwater Total 1.8E-03 0.0E+00

Total of Receptor Risks Across All Media  1.8E-03 Total of Receptor Hazards Across All Media  0.0E+00

0.000549051



TABLE 7.8.RME

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURE

Site 47 Feasibility Study 

NDWIH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population: Construction Worker

Receptor Age: Adult

Medium
Exposure 
Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern
Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Groundwater Groundwater Tap Water Dermal

(minus hot spot) Absorption 1,2-Dichloroethane 6.9E+00 ug/L 1.1E-07 mg/kg-day 9.1E-02 1/(mg/kg/day) 9.6E-09 7.4E-06 mg/kg-day 2.0E-02 mg/kg/day 3.7E-04

Bromochloromethane 1.8E-01 ug/L 3.3E-09 mg/kg-day NA NA NA 2.3E-07 mg/kg-day NA NA NA

Bromodichloromethane 7.0E-01 ug/L 1.3E-08 mg/kg-day 6.2E-02 1/(mg/kg/day) 8.1E-10 9.1E-07 mg/kg-day 2.0E-02 mg/kg/day 4.5E-05

Carbon tetrachloride 3.6E+00 ug/L 2.2E-07 mg/kg-day 1.3E-01 1/(mg/kg/day) 2.9E-08 1.5E-05 mg/kg-day 7.0E-04 mg/kg/day 2.2E-02

Chloroform 7.9E+00 ug/L 2.0E-07 mg/kg-day NA NA NA 1.4E-05 mg/kg-day 1.0E-02 mg/kg/day 1.4E-03

Tetrachloroethene 9.3E+01 ug/L 1.2E-05 mg/kg-day 5.4E-01 1/(mg/kg/day) 6.3E-06 8.1E-04 mg/kg-day 1.0E-02 mg/kg/day 8.1E-02

Trichloroethene 1.2E+02 ug/L 5.2E-06 mg/kg-day 1.1E-02 1/(mg/kg/day) 5.7E-08 3.6E-04 mg/kg-day 6.0E-03 mg/kg/day 6.1E-02

Vinyl chloride 2.0E+00 ug/L 3.9E-08 mg/kg-day 7.2E-01 1/(mg/kg/day) 2.8E-08 2.7E-06 mg/kg-day 3.0E-03 mg/kg/day 9.2E-04

cis-1,2-Dichloroethene 1.5E+01 ug/L 4.1E-07 mg/kg-day NA NA NA 2.9E-05 mg/kg-day 1.0E-02 mg/kg/day 2.9E-03

Naphthalene 5.2E+00 ug/L 8.3E-07 mg/kg-day NA NA NA 5.8E-05 mg/kg-day 2.0E-02 mg/kg/day 2.9E-03

bis(2-Ethylhexyl)phthalate 5.1E+00 ug/L 1.4E-06 mg/kg-day 1.4E-02 1/(mg/kg/day) 1.9E-08 9.5E-05 mg/kg-day 2.0E-02 mg/kg/day 4.8E-03

Aluminum 4.2E+03 ug/L 1.4E-05 mg/kg-day NA NA NA 9.9E-04 mg/kg-day 1.0E+00 mg/kg/day 9.9E-04

Arsenic 1.9E+01 ug/L 6.3E-08 mg/kg-day 1.5E+00 1/(mg/kg/day) 9.4E-08 4.4E-06 mg/kg-day 3.0E-04 mg/kg/day 1.5E-02

Barium 1.9E+02 ug/L 6.5E-07 mg/kg-day NA NA NA 4.6E-05 mg/kg-day 4.9E-03 mg/kg/day 9.3E-03

Chromium 8.8E+00 ug/L 5.9E-08 mg/kg-day NA NA NA 4.1E-06 mg/kg-day 5.0E-04 mg/kg/day 8.3E-03

Cyanide 2.3E+04 ug/L 7.8E-05 mg/kg-day NA NA NA 5.4E-03 mg/kg-day 2.0E-02 mg/kg/day 2.7E-01

Iron 9.9E+03 ug/L 3.3E-05 mg/kg-day NA NA NA 2.3E-03 mg/kg-day 3.0E-01 mg/kg/day 7.7E-03

Manganese 2.8E+02 ug/L 9.5E-07 mg/kg-day NA NA NA 6.6E-05 mg/kg-day 8.0E-04 mg/kg/day 8.3E-02

Thallium 3.6E+00 ug/L 1.2E-08 mg/kg-day NA NA NA 8.5E-07 mg/kg-day 7.0E-05 mg/kg/day 1.2E-02

Vanadium 1.2E+01 ug/L 4.0E-08 mg/kg-day NA NA NA 2.8E-06 mg/kg-day 1.8E-04 mg/kg/day 1.5E-02

Exp. Route Total 6.5E-06 6.0E-01

Exposure Point Total 6.5E-06 6.0E-01



TABLE 7.8.RME

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURE

Site 47 Feasibility Study 

NDWIH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population: Construction Worker

Receptor Age: Adult

Medium
Exposure 
Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern
Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Groundwater Groundwater

Volatilization from 
Groundwater in 

Excavation Pit (minus hot 
spot area)

Inhalation

1,2-Dichloroethane 6.9E+00 ug/L 2.5E-06 mg/kg-day 9.1E-02 1/(mg/kg/day) 2.2E-07 1.7E-04 mg/kg-day 1.4E-03 mg/kg/day 1.2E-01

Bromochloromethane 1.8E-01 ug/L 6.0E-08 mg/kg-day NA NA NA 4.2E-06 mg/kg-day NA NA NA

Bromodichloromethane 7.0E-01 ug/L 2.2E-07 mg/kg-day NA NA NA 1.6E-05 mg/kg-day NA NA NA

Carbon tetrachloride 3.6E+00 ug/L 1.2E-06 mg/kg-day 5.3E-02 1/(mg/kg/day) 6.2E-08 8.2E-05 mg/kg-day 5.7E-04 mg/kg/day 1.4E-01

Chloroform 7.9E+00 ug/L 2.7E-06 mg/kg-day 8.1E-02 1/(mg/kg/day) 2.2E-07 1.9E-04 mg/kg-day 1.4E-02 mg/kg/day 1.4E-02

Tetrachloroethene 9.3E+01 ug/L 3.0E-05 mg/kg-day 2.0E-02 1/(mg/kg/day) 6.0E-07 2.1E-03 mg/kg-day 1.4E-01 mg/kg/day 1.5E-02

Trichloroethene 1.2E+02 ug/L 4.0E-05 mg/kg-day 6.0E-03 1/(mg/kg/day) 2.4E-07 2.8E-03 mg/kg-day NA NA NA

Vinyl chloride 2.0E+00 ug/L 8.2E-07 mg/kg-day 1.5E-02 1/(mg/kg/day) 1.2E-08 5.7E-05 mg/kg-day 2.8E-02 mg/kg/day 2.0E-03

cis-1,2-Dichloroethene 1.5E+01 ug/L 5.5E-06 mg/kg-day NA NA NA 3.8E-04 mg/kg-day NA NA NA

Naphthalene 5.2E+00 ug/L 1.6E-06 mg/kg-day NA NA NA 1.2E-04 mg/kg-day 9.0E-04 mg/kg/day 1.3E-01

bis(2-Ethylhexyl)phthalate 5.1E+00 ug/L 8.8E-09 mg/kg-day 1.4E-02 1/(mg/kg/day) 1.2E-10 6.1E-07 mg/kg-day NA NA NA

Exp. Route Total 1.4E-06 4.3E-01

Exposure Point Total 1.4E-06 4.3E-01

Exposure Medium Total 1.4E-06 4.3E-01

Groundwater Total 7.9E-06 1.0E+00

Total of Receptor Risks Across All Media  7.9E-06 Total of Receptor Hazards Across All Media  1.0E+00



Chemical Medium Permeability Lag Fraction Duration
of Potential EPC Coefficient Time t* Absorbed Water of Event DAevent Equation

Concern Value (Kp) B (τevent) (FA) (tevent)
 (cm/hr) (dimensionless) (hr) (hour) (dimensionless) (hr) (mg/cm2-event)

1,2-Dichloroethane 6.9E+00 4.2E-03 1.6E-02 3.8E-01 9.2E-01 1.0E+00 8 2.5E-07 3
Bromochloromethane 1.8E-01 4.6E-03 2.0E-02 8.8E-01 2.1E+00 1.0E+00 8 8.0E-09 3
Bromodichloromethane 7.0E-01 4.6E-03 2.3E-02 8.8E-01 2.1E+00 1.0E+00 8 3.1E-08 3
Carbon tetrachloride 3.6E+00 1.6E-02 7.6E-02 7.8E-01 1.9E+00 1.0E+00 8 5.2E-07 3
Chloroform 7.9E+00 6.8E-03 2.9E-02 5.0E-01 1.2E+00 1.0E+00 8 4.7E-07 3
Tetrachloroethene 9.3E+01 3.3E-02 1.6E-01 9.1E-01 2.2E+00 1.0E+00 8 2.8E-05 3
Trichloroethene 1.2E+02 1.2E-02 5.3E-02 5.8E-01 1.4E+00 1.0E+00 8 1.2E-05 3
Vinyl chloride 2.0E+00 5.6E-03 1.7E-02 2.4E-01 5.7E-01 1.0E+00 8 9.4E-08 3
cis-1,2-Dichloroethene 1.5E+01 7.7E-03 2.9E-02 3.7E-01 8.9E-01 1.0E+00 8 9.9E-07 3
Naphthalene 5.2E+00 4.7E-02 2.0E-01 5.6E-01 1.3E+00 1.0E+00 8 2.0E-06 3
bis(2-Ethylhexyl)phthalate 5.1E+00 2.5E-02 1.9E-01 1.7E+01 4.0E+01 8.0E-01 8 3.3E-06 2
Aluminum 4.2E+03 1.0E-03 N/A N/A N/A N/A 8 3.4E-05 1
Arsenic 1.9E+01 1.0E-03 N/A N/A N/A N/A 8 1.5E-07 1
Barium 1.9E+02 1.0E-03 N/A N/A N/A N/A 8 1.6E-06 1
Chromium 8.8E+00 2.0E-03 N/A N/A N/A N/A 8 1.4E-07 1
Cyanide 2.3E+04 1.0E-03 N/A N/A N/A N/A 8 1.9E-04 1
Iron 9.9E+03 1.0E-03 N/A N/A N/A N/A 8 7.9E-05 1
Manganese 2.8E+02 1.0E-03 N/A N/A N/A N/A 8 2.3E-06 1
Thallium 3.6E+00 1.0E-03 N/A N/A N/A N/A 8 2.9E-08 1
Vanadium 1.2E+01 1.0E-03 N/A N/A N/A N/A 8 9.4E-08 1

Inorganics:  DAevent (mg/cm2-event) = 
Kp x CW x tevent x 0.001 mg/ug x 0.001 l/cm3  (eq 1)

Organics:  DAevent (mg/cm2-event) = 

(Eq 2)

(Eq 3)

Notes:
Permeability constants from EPA 2001, Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental 
     Guidance for Dermal Risk Assessment - Interim).  EPA/540/R/99/005. The default value of 0.001 was assigned to inorganics not listed in this document.
NA - Not applicable.
t* - Time to reach steady-state
B - Dimensionless ratio of the permeability coefficient of a compound through the stratum corneum relative to its permeability

Table 7.8.A.RME Supplement 
Calculation of DAevent (Construction Worker)

Site 47 Feasibility Study 
NDWIH, Indian Head, Maryland
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Table 7.8.B.RME Supplement
Inhalation of Volatiles from Groundwater During Construction

Inhalation Exposure Concentrations Calculated Using a Two-Film Volatilization Model
Future Construction Worker Senario

Site 47 Feasibility Study - NDWIH, Indian Head, Maryland
Chemical Cw MW KH kl kg Kv ER ERa Ca

(μg/L) (mol/gram) (unitless) (cm/hr) (cm/hr) (cm/hr) (mg/hr-cm2) (g/sec-m2) (mg/m3)

1,2-Dichloroethane 6.94E+00 9.90E+01 4.82E-02 3.32E+00 2.01E+03 3.21E+00 2.23E-05 6.19E-08 1.76E-03
Bromochloromethane 1.80E-01 1.29E+02 5.97E-02 3.10E+00 1.88E+03 3.02E+00 5.44E-07 1.51E-09 4.29E-05
Bromodichloromethane 7.00E-01 1.64E+02 8.67E-02 2.93E+00 1.77E+03 2.87E+00 2.01E-06 5.58E-09 1.58E-04
Carbon tetrachloride 3.60E+00 1.54E+02 1.13E+00 2.97E+00 1.80E+03 2.97E+00 1.07E-05 2.97E-08 8.42E-04
Chloroform 7.92E+00 1.19E+02 1.50E-01 3.17E+00 1.92E+03 3.13E+00 2.48E-05 6.89E-08 1.96E-03
Tetrachloroethene 9.32E+01 1.66E+02 7.24E-01 2.92E+00 1.77E+03 2.91E+00 2.71E-04 7.54E-07 2.14E-02
Trichloroethene 1.17E+02 1.31E+02 4.22E-01 3.09E+00 1.88E+03 3.08E+00 3.61E-04 1.00E-06 2.84E-02
Vinyl chloride 2.00E+00 6.25E+01 1.14E+00 3.72E+00 2.26E+03 3.72E+00 7.43E-06 2.06E-08 5.86E-04
cis-1,2-Dichloroethene 1.50E+01 9.69E+01 1.67E-01 3.34E+00 2.02E+03 3.30E+00 4.95E-05 1.38E-07 3.91E-03
Naphthalene 5.25E+00 1.28E+02 1.80E-02 3.11E+00 1.89E+03 2.85E+00 1.50E-05 4.15E-08 1.18E-03
bis(2-Ethylhexyl)phthalate 5.10E+00 3.91E+02 1.10E-05 2.35E+00 1.43E+03 1.56E-02 7.95E-08 2.21E-10 6.27E-06

Equations
Equation 1 Kv= 1/(1/kl + 1/KH*Kg)
Equation 2 kg = 700(18/MW)1/4V

Equation 3 kl = (32/MW)1/4Ka'

Equation 4 ER = Kv * Cw * L/1000 cm3 * mg/1000 μg
Equation 5 ERa = ER * g/1000 mg * hr/60 min * min/60 sec * 10000cm2/m2

Variables Units Exposure Assumptions
Cw = groundwater concentration (μg/L) chem-specific
MW = molecular weight (mol/gram) chem-specific
KH - Henry's Law Constant (unitless) chem-specific
Kv = volatilization rate (cm/hr) Solved by Eq 1
kg = gas phase transfer coefficient (cm/hr) Solved by Eq 2
kl = liquid phase transfer coefficient (cm/hr) Solved by Eq 3
V = wind speed (m/s) 4.4
Ka' = aeration rate (cm/hr) 0.0633
ER = emission rate (mg/hr) Solved by Eq 4
A = area of excavation (utility ditch) (m2) 2,700
Era = area emission rate (g/sec-m2) Solved by Eq 5
Ca = air concentration (mg/m3) Solved using SCREEN3 model
Note:  aeration rate based on aeration rate for small pond (0.1/day) multiplied by depth of water



TABLE 7.1.CTE

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURE

Site 47 Feasibility Study 

NDWIH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population: Resident

Receptor Age:  Adult

Medium
Exposure 
Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern
Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Groundwater Groundwater Tap Water Ingestion 1,1,2,2-Tetrachloroethane 8.0E+00 ug/L NA NA 2.0E-01 1/(mg/kg/day) NA 1.0E-04 mg/kg/day 6.0E-02 mg/kg/day 1.7E-03

1,1,2-Trichloroethane 1.0E+00 ug/L NA NA 5.7E-02 1/(mg/kg/day) NA 1.3E-05 mg/kg/day 4.0E-03 mg/kg/day 3.2E-03

1,2-Dichloroethane 6.1E+01 ug/L NA NA 9.1E-02 1/(mg/kg/day) NA 7.8E-04 mg/kg/day 2.0E-02 mg/kg/day 3.9E-02

Benzene 5.0E+00 ug/L NA NA 5.5E-02 1/(mg/kg/day) NA 6.4E-05 mg/kg/day 4.0E-03 mg/kg/day 1.6E-02

Bromochloromethane 1.8E-01 ug/L NA NA NA NA NA 2.3E-06 mg/kg/day NA NA NA

Bromodichloromethane 1.0E+00 ug/L NA NA 6.2E-02 1/(mg/kg/day) NA 1.3E-05 mg/kg/day 2.0E-02 mg/kg/day 6.4E-04

Carbon disulfide 5.3E+02 ug/L NA NA NA NA NA 6.8E-03 mg/kg/day 1.0E-01 mg/kg/day 6.8E-02

Carbon tetrachloride 8.5E+03 ug/L NA NA 1.3E-01 1/(mg/kg/day) NA 1.1E-01 mg/kg/day 7.0E-04 mg/kg/day 1.5E+02

Chloroform 5.0E+03 ug/L NA NA NA NA NA 6.5E-02 mg/kg/day 1.0E-02 mg/kg/day 6.5E+00

Tetrachloroethene 3.5E+02 ug/L NA NA 5.4E-01 1/(mg/kg/day) NA 4.5E-03 mg/kg/day 1.0E-02 mg/kg/day 4.5E-01

Trichloroethene 2.1E+02 ug/L NA NA 1.1E-02 1/(mg/kg/day) NA 2.7E-03 mg/kg/day 6.0E-03 mg/kg/day 4.5E-01

Vinyl chloride 2.0E+00 ug/L NA NA 1.4E+00 1/(mg/kg/day) NA 2.6E-05 mg/kg/day 3.0E-03 mg/kg/day 8.5E-03

cis-1,2-Dichloroethene 1.2E+02 ug/L NA NA NA NA NA 1.5E-03 mg/kg/day 1.0E-02 mg/kg/day 1.5E-01

trans-1,2-Dichloroethene 1.6E+01 ug/L NA NA NA NA NA 2.1E-04 mg/kg/day 2.0E-02 mg/kg/day 1.0E-02

Naphthalene 4.5E+00 ug/L NA NA NA NA NA 5.8E-05 mg/kg/day 2.0E-02 mg/kg/day 2.9E-03

bis(2-Ethylhexyl)phthalate 4.3E+00 ug/L NA NA 1.4E-02 1/(mg/kg/day) NA 5.5E-05 mg/kg/day 2.0E-02 mg/kg/day 2.8E-03

Aluminum 2.1E+03 ug/L NA NA NA NA NA 2.7E-02 mg/kg/day 1.0E+00 mg/kg/day 2.7E-02

Arsenic 1.8E+01 ug/L NA NA 1.5E+00 1/(mg/kg/day) NA 2.3E-04 mg/kg/day 3.0E-04 mg/kg/day 7.6E-01

Barium 1.0E+02 ug/L NA NA NA NA NA 1.3E-03 mg/kg/day 7.0E-02 mg/kg/day 1.9E-02

Beryllium 8.7E-01 ug/L NA NA NA NA NA 1.1E-05 mg/kg/day 2.0E-03 mg/kg/day 5.6E-03

Cadmium 8.8E-01 ug/L NA NA NA NA NA 1.1E-05 mg/kg/day 5.0E-04 mg/kg/day 2.3E-02

Chromium 3.5E+00 ug/L NA NA NA NA NA 4.4E-05 mg/kg/day 3.0E-03 mg/kg/day 1.5E-02

Cobalt 3.2E+01 ug/L NA NA NA NA NA 4.1E-04 mg/kg/day 2.0E-02 mg/kg/day 2.0E-02

Cyanide 1.8E+03 ug/L NA NA NA NA NA 2.4E-02 mg/kg/day 2.0E-02 mg/kg/day 1.2E+00

Iron 1.0E+04 ug/L NA NA NA NA NA 1.3E-01 mg/kg/day 3.0E-01 mg/kg/day 4.4E-01

Lead 4.9E+00 ug/L NA NA NA NA NA 6.3E-05 mg/kg/day NA NA NA

Manganese 2.0E+02 ug/L NA NA NA NA NA 2.5E-03 mg/kg/day 2.0E-02 mg/kg/day 1.3E-01

Nickel 2.1E+01 ug/L NA NA NA NA NA 2.7E-04 mg/kg/day 2.0E-02 mg/kg/day 1.4E-02

Thallium 2.9E+00 ug/L NA NA NA NA NA 3.8E-05 mg/kg/day 7.0E-05 mg/kg/day 5.4E-01

Vanadium 3.1E+01 ug/L NA NA NA NA NA 4.0E-04 mg/kg/day 1.0E-03 mg/kg/day 4.0E-01

Exp. Route Total NA 1.7E+02



TABLE 7.1.CTE

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURE

Site 47 Feasibility Study 

NDWIH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population: Resident

Receptor Age:  Adult

Medium
Exposure 
Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern
Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Groundwater Groundwater Dermal 1,1,2,2-Tetrachloroethane 8.0E+00 ug/L NA NA 2.0E-01 1/(mg/kg/day) NA 1.2E-05 mg/kg/day 6.0E-02 mg/kg/day 2.0E-04
Absorption 1,1,2-Trichloroethane 1.0E+00 ug/L NA NA 5.7E-02 1/(mg/kg/day) NA 1.1E-06 mg/kg/day 4.0E-03 mg/kg/day 2.8E-04

1,2-Dichloroethane 6.1E+01 ug/L NA NA 9.1E-02 1/(mg/kg/day) NA 3.6E-05 mg/kg/day 2.0E-02 mg/kg/day 1.8E-03

Benzene 5.0E+00 ug/L NA NA 5.5E-02 1/(mg/kg/day) NA 9.2E-06 mg/kg/day 4.0E-03 mg/kg/day 2.3E-03

Bromochloromethane 1.8E-01 ug/L NA NA NA NA NA 1.8E-07 mg/kg/day NA NA NA

Bromodichloromethane 1.0E+00 ug/L NA NA 6.2E-02 1/(mg/kg/day) NA 9.8E-07 mg/kg/day 2.0E-02 mg/kg/day 4.9E-05

Carbon disulfide 5.3E+02 ug/L NA NA NA NA NA 1.1E-03 mg/kg/day 1.0E-01 mg/kg/day 1.1E-02

Carbon tetrachloride 8.5E+03 ug/L NA NA 1.3E-01 1/(mg/kg/day) NA 2.7E-02 mg/kg/day 7.0E-04 mg/kg/day 3.9E+01

Chloroform 5.0E+03 ug/L NA NA NA NA NA 5.5E-03 mg/kg/day 1.0E-02 mg/kg/day 5.5E-01

Tetrachloroethene 3.5E+02 ug/L NA NA 5.4E-01 1/(mg/kg/day) NA 2.5E-03 mg/kg/day 1.0E-02 mg/kg/day 2.5E-01

Trichloroethene 2.1E+02 ug/L NA NA 1.1E-02 1/(mg/kg/day) NA 4.4E-04 mg/kg/day 6.0E-03 mg/kg/day 7.3E-02

Vinyl chloride 2.0E+00 ug/L NA NA 1.4E+00 1/(mg/kg/day) NA 1.3E-06 mg/kg/day 3.0E-03 mg/kg/day 4.2E-04

cis-1,2-Dichloroethene 1.2E+02 ug/L NA NA NA NA NA 1.3E-04 mg/kg/day 1.0E-02 mg/kg/day 1.3E-02

trans-1,2-Dichloroethene 1.6E+01 ug/L NA NA NA NA NA 1.7E-05 mg/kg/day 2.0E-02 mg/kg/day 8.5E-04

Naphthalene 4.5E+00 ug/L NA NA NA NA NA 3.6E-05 mg/kg/day 2.0E-02 mg/kg/day 1.8E-03

bis(2-Ethylhexyl)phthalate 4.3E+00 ug/L NA NA 1.4E-02 1/(mg/kg/day) NA 8.0E-05 mg/kg/day 2.0E-02 mg/kg/day 4.0E-03

Aluminum 2.1E+03 ug/L NA NA NA NA NA 8.6E-05 mg/kg/day 1.0E+00 mg/kg/day 8.6E-05

Arsenic 1.8E+01 ug/L NA NA 1.5E+00 1/(mg/kg/day) NA 7.4E-07 mg/kg/day 3.0E-04 mg/kg/day 2.5E-03

Barium 1.0E+02 ug/L NA NA NA NA NA 4.2E-06 mg/kg/day 4.9E-03 mg/kg/day 8.6E-04

Beryllium 8.7E-01 ug/L NA NA NA NA NA 3.6E-08 mg/kg/day 1.4E-05 mg/kg/day 2.6E-03

Cadmium 8.8E-01 ug/L NA NA NA NA NA 3.6E-08 mg/kg/day 2.5E-05 mg/kg/day 1.4E-03

Chromium 3.5E+00 ug/L NA NA NA NA NA 2.8E-07 mg/kg/day 7.5E-05 mg/kg/day 3.8E-03

Cobalt 3.2E+01 ug/L NA NA NA NA NA 5.2E-07 mg/kg/day 2.0E-02 mg/kg/day 2.6E-05

Cyanide 1.8E+03 ug/L NA NA NA NA NA 7.6E-05 mg/kg/day 2.0E-02 mg/kg/day 3.8E-03

Iron 1.0E+04 ug/L NA NA NA NA NA 4.3E-04 mg/kg/day 3.0E-01 mg/kg/day 1.4E-03

Lead 4.9E+00 ug/L NA NA NA NA NA 2.0E-08 mg/kg/day NA NA NA

Manganese 2.0E+02 ug/L NA NA NA NA NA 8.1E-06 mg/kg/day 8.0E-04 mg/kg/day 1.0E-02

Nickel 2.1E+01 ug/L NA NA NA NA NA 1.8E-07 mg/kg/day 8.0E-04 mg/kg/day 2.2E-04

Thallium 2.9E+00 ug/L NA NA NA NA NA 1.2E-07 mg/kg/day 7.0E-05 mg/kg/day 1.7E-03

Vanadium 3.1E+01 ug/L NA NA NA NA NA 1.3E-06 mg/kg/day 2.6E-05 mg/kg/day 4.9E-02

Exp. Route Total NA 4.0E+01

Exposure Point Total NA 2.1E+02



TABLE 7.1.CTE

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURE

Site 47 Feasibility Study 

NDWIH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population: Resident

Receptor Age:  Adult

Medium
Exposure 
Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern
Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Groundwater Groundwater Volatilization from Water 
during Shower Inhalation

1,1,2,2-Tetrachloroethane 8.0E+00 ug/L NA NA 2.0E-01 1/(mg/kg/day) NA 2.5E-04 mg/kg/day NA NA NA

1,1,2-Trichloroethane 1.0E+00 ug/L NA NA 5.6E-02 1/(mg/kg/day) NA 4.4E-05 mg/kg/day NA NA NA

1,2-Dichloroethane 6.1E+01 ug/L NA NA 9.1E-02 1/(mg/kg/day) NA 3.1E-03 mg/kg/day 1.4E-03 mg/kg/day 2.2E+00

Benzene 5.0E+00 ug/L NA NA 2.7E-02 1/(mg/kg/day) NA 3.2E-04 mg/kg/day 8.6E-03 mg/kg/day 3.7E-02

Bromochloromethane 1.8E-01 ug/L NA NA NA NA NA 8.8E-06 mg/kg/day NA NA NA

Bromodichloromethane 1.0E+00 ug/L NA NA NA NA NA 4.4E-05 mg/kg/day NA NA NA

Carbon disulfide 5.3E+02 ug/L NA NA NA NA NA 3.5E-02 mg/kg/day 2.0E-01 mg/kg/day 1.7E-01

Carbon tetrachloride 8.5E+03 ug/L NA NA 5.3E-02 1/(mg/kg/day) NA 4.3E-01 mg/kg/day 5.7E-04 mg/kg/day 7.5E+02

Chloroform 5.0E+03 ug/L NA NA 8.1E-02 1/(mg/kg/day) NA 2.7E-01 mg/kg/day 1.4E-02 mg/kg/day 1.9E+01

Tetrachloroethene 3.5E+02 ug/L NA NA 2.0E-02 1/(mg/kg/day) NA 1.7E-02 mg/kg/day 1.4E-01 mg/kg/day 1.2E-01

Trichloroethene 2.1E+02 ug/L NA NA 6.0E-03 1/(mg/kg/day) NA 1.1E-02 mg/kg/day NA NA NA

Vinyl chloride 2.0E+00 ug/L NA NA 3.1E-02 1/(mg/kg/day) NA 1.4E-04 mg/kg/day 2.8E-02 mg/kg/day 5.0E-03

cis-1,2-Dichloroethene 1.2E+02 ug/L NA NA NA NA NA 7.1E-03 mg/kg/day NA NA NA

trans-1,2-Dichloroethene 1.6E+01 ug/L NA NA NA NA NA 9.5E-04 mg/kg/day NA NA NA

Naphthalene 4.5E+00 ug/L NA NA NA NA NA 1.8E-04 mg/kg/day 9.0E-04 mg/kg/day 2.0E-01

bis(2-Ethylhexyl)phthalate 4.3E+00 ug/L NA NA 1.4E-02 1/(mg/kg/day) NA 7.9E-08 mg/kg/day NA NA NA
NA

Exp. Route Total 0.0E+00 7.7E+02

Exposure Point Total 0.0E+00 7.7E+02

Exposure Medium Total 0.0E+00 7.7E+02

Groundwater Total 0.0E+00 9.8E+02

Total of Receptor Risks Across All Media  0.0E+00 Total of Receptor Hazards Across All Media  9.8E+02



Chemical Medium Permeability Lag Fraction Duration
of Potential EPC Coefficient Time t* Absorbed Water of Event DAevent Equation

Concern Value (Kp) B (τevent) (FA) (tevent)
 (cm/hr) (dimensionless) (hr) (hour) (dimensionless) (hr) (mg/cm2-event)

1,1,2,2-Tetrachloroethane 8.0E+00 6.9E-03 3.4E-02 9.3E-01 2.2E+00 1.0E+00 0.25 7.4E-08 2
1,1,2-Trichloroethane 1.0E+00 6.4E-03 2.8E-02 6.0E-01 1.4E+00 1.0E+00 0.25 6.9E-09 2
1,2-Dichloroethane 6.1E+01 4.2E-03 1.6E-02 3.8E-01 9.2E-01 1.0E+00 0.25 2.2E-07 2
Benzene 5.0E+00 1.5E-02 5.1E-02 2.9E-01 7.0E-01 1.0E+00 0.25 5.6E-08 2
Bromochloromethane 1.8E-01 4.6E-03 2.0E-02 8.8E-01 2.1E+00 1.0E+00 0.25 1.1E-09 2
Bromodichloromethane 1.0E+00 4.6E-03 2.3E-02 8.8E-01 2.1E+00 1.0E+00 0.25 6.0E-09 2
Carbon disulfide 5.3E+02 1.7E-02 5.7E-02 3.0E-01 7.2E-01 1.0E+00 0.25 6.8E-06 2
Carbon tetrachloride 8.5E+03 1.6E-02 7.6E-02 7.8E-01 1.9E+00 1.0E+00 0.25 1.7E-04 2
Chloroform 5.0E+03 6.8E-03 2.9E-02 5.0E-01 1.2E+00 1.0E+00 0.25 3.4E-05 2
Tetrachloroethene 3.5E+02 3.3E-02 1.6E-01 9.1E-01 2.2E+00 1.0E+00 0.25 1.5E-05 2
Trichloroethene 2.1E+02 1.2E-02 5.3E-02 5.8E-01 1.4E+00 1.0E+00 0.25 2.7E-06 2
Vinyl chloride 2.0E+00 5.6E-03 1.7E-02 2.4E-01 5.7E-01 1.0E+00 0.25 7.6E-09 2
cis-1,2-Dichloroethene 1.2E+02 7.7E-03 2.9E-02 3.7E-01 8.9E-01 1.0E+00 0.25 7.8E-07 2
trans-1,2-Dichloroethene 1.6E+01 7.7E-03 2.9E-02 3.7E-01 8.9E-01 1.0E+00 0.25 1.0E-07 2
Naphthalene 4.5E+00 4.7E-02 2.0E-01 5.6E-01 1.3E+00 1.0E+00 0.25 2.2E-07 2
bis(2-Ethylhexyl)phthalate 4.3E+00 2.5E-02 1.9E-01 1.7E+01 4.0E+01 8.0E-01 0.25 4.9E-07 2
Aluminum 2.1E+03 1.0E-03 N/A N/A N/A N/A 0.25 5.2E-07 1
Arsenic 1.8E+01 1.0E-03 N/A N/A N/A N/A 0.25 4.5E-09 1
Barium 1.0E+02 1.0E-03 N/A N/A N/A N/A 0.25 2.5E-08 1
Beryllium 8.7E-01 1.0E-03 N/A N/A N/A N/A 0.25 2.2E-10 1
Cadmium 8.8E-01 1.0E-03 N/A N/A N/A N/A 0.25 2.2E-10 1
Chromium 3.5E+00 2.0E-03 N/A N/A N/A N/A 0.25 1.7E-09 1
Cobalt 3.2E+01 4.0E-04 N/A N/A N/A N/A 0.25 3.2E-09 1
Cyanide 1.8E+03 1.0E-03 N/A N/A N/A N/A 0.25 4.6E-07 1
Iron 1.0E+04 1.0E-03 N/A N/A N/A N/A 0.25 2.6E-06 1
Lead 4.9E+00 1.0E-04 N/A N/A N/A N/A 0.25 1.2E-10 1
Manganese 2.0E+02 1.0E-03 N/A N/A N/A N/A 0.25 4.9E-08 1
Nickel 2.1E+01 2.0E-04 N/A N/A N/A N/A 0.25 1.1E-09 1
Thallium 2.9E+00 1.0E-03 N/A N/A N/A N/A 0.25 7.3E-10 1
Vanadium 3.1E+01 1.0E-03 N/A N/A N/A N/A 0.25 7.8E-09 1

Inorganics:  DAevent (mg/cm2-event) = 
Kp x CW x tevent x 0.001 mg/ug x 0.001 l/cm3  (eq 1)

Organics:  DAevent (mg/cm2-event) = 

(Eq 2)

(Eq 3)

Notes:
Permeability constants from EPA 2001, Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental 
     Guidance for Dermal Risk Assessment - Interim).  EPA/540/R/99/005. The default value of 0.001 was assigned to inorganics not listed in this document.
NA - Not applicable.
t* - Time to reach steady-state
B - Dimensionless ratio of the permeability coefficient of a compound through the stratum corneum relative to its permeability

Table 7.1.A.CTE Supplement 
Calculation of DAevent (Adult)

Site 47 Feasibility Study 
NDWIH, Indian Head, Maryland
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Table 7.1.CTE Supplement B
Inhalation Exposure Concentrations from Foster and Chrostowski Shower Model

Site 47 Feasibility Study
NSF-IH, Indian Head, Maryland

Chemical

Exposure Point 
Concentration  Cwo  

(μg/l)
Molecular weight 

(HH) (g/mole)
Henry's Law Constant 

(H) (atm-m3/mole)
Kg (VOC) 

(cm/hr) Kl(VOC) (cm/hr) KL (cm/hr) Kal (cm/hr) Cwd (μg/l) S (μg/m3 -min)

Calculated Inhalation 
Exposure (Einh) 
(mg/kg/shower)

1,1,2,2-Tetrachloroethane 8.0E+00 1.68E+02 3.4E-04 9.8E+02 1.0E+01 5.9E+00 8.0E+00 1.9E+00 1.25E+01 4.4E-04
1,1,2-Trichloroethane 1.0E+00 1.33E+02 9.1E-04 1.1E+03 1.1E+01 9.0E+00 1.2E+01 3.3E-01 2.22E+00 7.8E-05
1,2-Dichloroethane 6.1E+01 9.90E+01 9.8E-04 1.3E+03 1.3E+01 1.1E+01 1.4E+01 2.3E+01 1.55E+02 5.4E-03
Benzene 5.0E+00 7.81E+01 5.4E-03 1.4E+03 1.5E+01 1.4E+01 1.9E+01 2.4E+00 1.59E+01 5.5E-04
Bromochloromethane 1.8E-01 1.29E+02 1.6E-03 1.1E+03 1.2E+01 1.0E+01 1.4E+01 6.6E-02 4.38E-01 1.5E-05
Bromodichloromethane 1.0E+00 1.64E+02 1.6E-03 9.9E+02 1.0E+01 9.0E+00 1.2E+01 3.3E-01 2.21E+00 7.7E-05
Carbon disulfide 5.3E+02 7.61E+01 3.0E-02 1.5E+03 1.5E+01 1.5E+01 2.0E+01 2.6E+02 1.73E+03 6.0E-02
Carbon tetrachloride 8.5E+03 1.54E+02 3.1E-02 1.0E+03 1.1E+01 1.1E+01 1.4E+01 3.2E+03 2.14E+04 7.5E-01
Chloroform 5.0E+03 1.19E+02 2.9E-03 1.2E+03 1.2E+01 1.1E+01 1.5E+01 2.0E+03 1.33E+04 4.6E-01
Tetrachloroethene 3.5E+02 1.66E+02 2.6E-02 9.9E+02 1.0E+01 1.0E+01 1.4E+01 1.3E+02 8.62E+02 3.0E-02
Trichloroethene 2.1E+02 1.31E+02 1.0E-02 1.1E+03 1.2E+01 1.1E+01 1.5E+01 8.4E+01 5.59E+02 2.0E-02
Vinyl chloride 2.0E+00 6.30E+01 8.2E-02 1.6E+03 1.7E+01 1.7E+01 2.3E+01 1.1E+00 7.04E+00 2.5E-04
cis-1,2-Dichloroethene 1.2E+02 9.69E+01 7.6E-03 1.3E+03 1.3E+01 1.3E+01 1.8E+01 5.3E+01 3.55E+02 1.2E-02
trans-1,2-Dichloroethene 1.6E+01 9.69E+01 9.4E-03 1.3E+03 1.3E+01 1.3E+01 1.8E+01 7.1E+00 4.76E+01 1.7E-03
Naphthalene 4.5E+00 1.28E+02 4.8E-04 1.1E+03 1.2E+01 7.7E+00 1.0E+01 1.3E+00 8.81E+00 3.1E-04
bis(2-Ethylhexyl)phthalate 4.3E+00 3.10E+02 1.0E-07 7.2E+02 7.5E+00 3.1E-03 4.2E-03 6.0E-04 3.98E-03 1.4E-07

Variables Units Exposure Assumptions
Kg(VOC) = gas-film mass transfer coefficient cm/hr Solved by Eq 1
Kl(VOC) = liquid-film mass transfer coefficient cm/hr Solved by Eq 2
KL = overall mass transfer coefficient cm/hr Solved by Eq 3
Kal = adjusted overall mass transfer coeff. cm/hr Solved by Eq 4
Tl = Calibration temp. of water K (20C +273) 293
Ts = Shower water temperature k (45C) 318
Us = water viscosity at Ts centipoise 0.596
Ul = water viscosity at Tl cp 1.002
Cwd = conc. leaving droplets after time sdt μg/l Solved by Eq 5
sdt = shower droplet drop time sec 2
d =  shower droplet diameter mm 1
FR = shower water flow rate l/min 20
SV = shower room air volume m3 3
S = indoor VOC generation rate μg/m3-min Solved by Eq 6
VR = ventilation rate l/min 13.8

Variables Units Exposure Assumptions
BW = body weight kg 70
Ds = duration of shower min 15
Dt = total duration in shower room min 20
R = air exchange rate min-1 0.0083
Ca = indoor air concentration of VOCs μg/m3 Solved by Eq 7
Einh = inhalation exposure per shower mg/kg/shower Solved by Eq 8



Table 7.1.CTE Supplement B
Inhalation Exposure Concentrations from Foster and Chrostowski Shower Model

Site 47 Feasibility Study
NSF-IH, Indian Head, Maryland

Equation 1: Kg(VOC) = 3000 * (18 / HH)0.5

Equation 2: Kl(VOC) = 20 * (44 / HH)0.5

Equation 3: KL = ((1 / Kl(VOC)) + (0.024 / (Kg (VOC) * H))) -1

Equation 4: Kal = (KL * (((Tl * Us) / (Ts * Ul)) -0.5))
Equation 5: Cwd =  (Cwo * (1-EXP((-1 * Kal * sdt)/(60 * d))))
Equation 6: S =  (Cwd * FR / SV)
Equation 7: see time series example on Table I-GW-5
Equation 8: Einh = If t>Ds  (((VR * S) / (BW * R * 1000000)) *

       ((Ds + (EXP(-R * Dt) / R)-(EXP(R *
       (Ds - Dt))) / R)))

Henry's Law Constant from  USEPA's Superfund Public Health Evaluation Manual.   USEPA/540/1-86/060, October 1986.



TABLE 7.2.CTE

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURE

Site 47 Feasibility Study 

NDWIH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population: Resident

Receptor Age:  Child

Medium
Exposure 
Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern
Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Groundwater Groundwater Tap Water Ingestion 1,1,2,2-Tetrachloroethane 8.0E+00 ug/L NA NA NA NA NA 3.4E-04 mg/kg/day 6.0E-02 mg/kg/day 5.7E-03

1,1,2-Trichloroethane 1.0E+00 ug/L NA NA NA NA NA 4.3E-05 mg/kg/day 4.0E-03 mg/kg/day 1.1E-02

1,2-Dichloroethane 6.1E+01 ug/L NA NA NA NA NA 2.6E-03 mg/kg/day 2.0E-02 mg/kg/day 1.3E-01

Benzene 5.0E+00 ug/L NA NA NA NA NA 2.1E-04 mg/kg/day 4.0E-03 mg/kg/day 5.3E-02

Bromochloromethane 1.8E-01 ug/L NA NA NA NA NA 7.7E-06 mg/kg/day NA NA NA

Bromodichloromethane 1.0E+00 ug/L NA NA NA NA NA 4.3E-05 mg/kg/day 2.0E-02 mg/kg/day 2.1E-03

Carbon disulfide 5.3E+02 ug/L NA NA NA NA NA 2.3E-02 mg/kg/day 1.0E-01 mg/kg/day 2.3E-01

Carbon tetrachloride 8.5E+03 ug/L NA NA NA NA NA 3.6E-01 mg/kg/day 7.0E-04 mg/kg/day 5.2E+02

Chloroform 5.0E+03 ug/L NA NA NA NA NA 2.2E-01 mg/kg/day 1.0E-02 mg/kg/day 2.2E+01

Tetrachloroethene 3.5E+02 ug/L NA NA NA NA NA 1.5E-02 mg/kg/day 1.0E-02 mg/kg/day 1.5E+00

Trichloroethene 2.1E+02 ug/L NA NA NA NA NA 9.0E-03 mg/kg/day 6.0E-03 mg/kg/day 1.5E+00

Vinyl chloride 2.0E+00 ug/L NA NA NA NA NA 8.5E-05 mg/kg/day 3.0E-03 mg/kg/day 2.8E-02

cis-1,2-Dichloroethene 1.2E+02 ug/L NA NA NA NA NA 5.1E-03 mg/kg/day 1.0E-02 mg/kg/day 5.1E-01

trans-1,2-Dichloroethene 1.6E+01 ug/L NA NA NA NA NA 6.8E-04 mg/kg/day 2.0E-02 mg/kg/day 3.4E-02

Naphthalene 4.5E+00 ug/L NA NA NA NA NA 1.9E-04 mg/kg/day 2.0E-02 mg/kg/day 9.6E-03

bis(2-Ethylhexyl)phthalate 4.3E+00 ug/L NA NA NA NA NA 1.8E-04 mg/kg/day 2.0E-02 mg/kg/day 9.2E-03

Aluminum 2.1E+03 ug/L NA NA NA NA NA 8.9E-02 mg/kg/day 1.0E+00 mg/kg/day 8.9E-02

Arsenic 1.8E+01 ug/L NA NA NA NA NA 7.6E-04 mg/kg/day 3.0E-04 mg/kg/day 2.5E+00

Barium 1.0E+02 ug/L NA NA NA NA NA 4.4E-03 mg/kg/day 7.0E-02 mg/kg/day 6.2E-02

Beryllium 8.7E-01 ug/L NA NA NA NA NA 3.7E-05 mg/kg/day 2.0E-03 mg/kg/day 1.9E-02

Cadmium 8.8E-01 ug/L NA NA NA NA NA 3.8E-05 mg/kg/day 5.0E-04 mg/kg/day 7.5E-02

Chromium 3.5E+00 ug/L NA NA NA NA NA 1.5E-04 mg/kg/day 3.0E-03 mg/kg/day 4.9E-02

Cobalt 3.2E+01 ug/L NA NA NA NA NA 1.4E-03 mg/kg/day 2.0E-02 mg/kg/day 6.8E-02

Cyanide 1.8E+03 ug/L NA NA NA NA NA 7.9E-02 mg/kg/day 2.0E-02 mg/kg/day 3.9E+00

Iron 1.0E+04 ug/L NA NA NA NA NA 4.4E-01 mg/kg/day 3.0E-01 mg/kg/day 1.5E+00

Lead 4.9E+00 ug/L NA NA NA NA NA 2.1E-04 mg/kg/day NA NA NA

Manganese 2.0E+02 ug/L NA NA NA NA NA 8.4E-03 mg/kg/day 2.0E-02 mg/kg/day 4.2E-01

Nickel 2.1E+01 ug/L NA NA NA NA NA 9.1E-04 mg/kg/day 2.0E-02 mg/kg/day 4.6E-02

Thallium 2.9E+00 ug/L NA NA NA NA NA 1.3E-04 mg/kg/day 7.0E-05 mg/kg/day 1.8E+00

Vanadium 3.1E+01 ug/L NA NA NA NA NA 1.3E-03 mg/kg/day 1.0E-03 mg/kg/day 1.3E+00

Exp. Route Total NA 5.5E+02



TABLE 7.2.CTE

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURE

Site 47 Feasibility Study 

NDWIH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population: Resident

Receptor Age:  Child

Medium
Exposure 
Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern
Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Dermal 1,1,2,2-Tetrachloroethane 8.0E+00 ug/L NA NA NA NA NA 2.4E-05 mg/kg/day 6.0E-02 mg/kg/day 4.0E-04
Absorption 1,1,2-Trichloroethane 1.0E+00 ug/L NA NA NA NA NA 2.2E-06 mg/kg/day 4.0E-03 mg/kg/day 5.6E-04

1,2-Dichloroethane 6.1E+01 ug/L NA NA NA NA NA 7.1E-05 mg/kg/day 2.0E-02 mg/kg/day 3.5E-03

Benzene 5.0E+00 ug/L NA NA NA NA NA 1.8E-05 mg/kg/day 4.0E-03 mg/kg/day 4.5E-03

Bromochloromethane 1.8E-01 ug/L NA NA NA NA NA 3.5E-07 mg/kg/day NA NA NA

Bromodichloromethane 1.0E+00 ug/L NA NA NA NA NA 1.9E-06 mg/kg/day 2.0E-02 mg/kg/day 9.7E-05

Carbon disulfide 5.3E+02 ug/L NA NA NA NA NA 2.2E-03 mg/kg/day 1.0E-01 mg/kg/day 2.2E-02

Carbon tetrachloride 8.5E+03 ug/L NA NA NA NA NA 5.4E-02 mg/kg/day 7.0E-04 mg/kg/day 7.6E+01

Chloroform 5.0E+03 ug/L NA NA NA NA NA 1.1E-02 mg/kg/day 1.0E-02 mg/kg/day 1.1E+00

Tetrachloroethene 3.5E+02 ug/L NA NA NA NA NA 4.9E-03 mg/kg/day 1.0E-02 mg/kg/day 4.9E-01

Trichloroethene 2.1E+02 ug/L NA NA NA NA NA 8.6E-04 mg/kg/day 6.0E-03 mg/kg/day 1.4E-01

Vinyl chloride 2.0E+00 ug/L NA NA NA NA NA 2.5E-06 mg/kg/day 3.0E-03 mg/kg/day 8.2E-04

cis-1,2-Dichloroethene 1.2E+02 ug/L NA NA NA NA NA 2.5E-04 mg/kg/day 1.0E-02 mg/kg/day 2.5E-02

trans-1,2-Dichloroethene 1.6E+01 ug/L NA NA NA NA NA 3.4E-05 mg/kg/day 2.0E-02 mg/kg/day 1.7E-03

Naphthalene 4.5E+00 ug/L NA NA NA NA NA 7.1E-05 mg/kg/day 2.0E-02 mg/kg/day 3.5E-03

bis(2-Ethylhexyl)phthalate 4.3E+00 ug/L NA NA NA NA NA 1.6E-04 mg/kg/day 2.0E-02 mg/kg/day 7.9E-03

Aluminum 2.1E+03 ug/L NA NA NA NA NA 1.9E-04 mg/kg/day 1.0E+00 mg/kg/day 1.9E-04

Arsenic 1.8E+01 ug/L NA NA NA NA NA 1.7E-06 mg/kg/day 3.0E-04 mg/kg/day 5.6E-03

Barium 1.0E+02 ug/L NA NA NA NA NA 9.5E-06 mg/kg/day 4.9E-03 mg/kg/day 1.9E-03

Beryllium 8.7E-01 ug/L NA NA NA NA NA 8.1E-08 mg/kg/day 1.4E-05 mg/kg/day 5.8E-03

Cadmium 8.8E-01 ug/L NA NA NA NA NA 8.2E-08 mg/kg/day 2.5E-05 mg/kg/day 3.3E-03

Chromium 3.5E+00 ug/L NA NA NA NA NA 6.4E-07 mg/kg/day 7.5E-05 mg/kg/day 8.6E-03

Cobalt 3.2E+01 ug/L NA NA NA NA NA 1.2E-06 mg/kg/day 2.0E-02 mg/kg/day 5.9E-05

Cyanide 1.8E+03 ug/L NA NA NA NA NA 1.7E-04 mg/kg/day 2.0E-02 mg/kg/day 8.6E-03

Iron 1.0E+04 ug/L NA NA NA NA NA 9.7E-04 mg/kg/day 3.0E-01 mg/kg/day 3.2E-03

Lead 4.9E+00 ug/L NA NA NA NA NA 4.6E-08 mg/kg/day NA NA NA

Manganese 2.0E+02 ug/L NA NA NA NA NA 1.8E-05 mg/kg/day 8.0E-04 mg/kg/day 2.3E-02

Nickel 2.1E+01 ug/L NA NA NA NA NA 4.0E-07 mg/kg/day 8.0E-04 mg/kg/day 5.0E-04

Thallium 2.9E+00 ug/L NA NA NA NA NA 2.7E-07 mg/kg/day 7.0E-05 mg/kg/day 3.9E-03

Vanadium 3.1E+01 ug/L NA NA NA NA NA 2.9E-06 mg/kg/day 2.6E-05 mg/kg/day 1.1E-01

Exp. Route Total NA 7.8E+01

Exposure Point Total NA 6.3E+02

Exposure Medium Total NA 6.3E+02

Groundwater Total NA 6.3E+02

Total of Receptor Risks Across All Media  NA Total of Receptor Hazards Across All Media  6.3E+02



Chemical Medium Permeability Lag Fraction Duration
of Potential EPC Coefficient Time t* Absorbed Water of Event DAevent Equation

Concern Value (Kp) B (τevent) (FA) (tevent)
 (cm/hr) (dimensionless) (hr) (hour) (dimensionless) (hr) (mg/cm2-event)

1,1,2,2-Tetrachloroethane 8.0E+00 6.9E-03 3.4E-02 9.3E-01 2.2E+00 1.0E+00 0.33 8.5E-08 2
1,1,2-Trichloroethane 1.0E+00 6.4E-03 2.8E-02 6.0E-01 1.4E+00 1.0E+00 0.33 7.9E-09 2
1,2-Dichloroethane 6.1E+01 4.2E-03 1.6E-02 3.8E-01 9.2E-01 1.0E+00 0.33 2.5E-07 2
Benzene 5.0E+00 1.5E-02 5.1E-02 2.9E-01 7.0E-01 1.0E+00 0.33 6.4E-08 2
Bromochloromethane 1.8E-01 4.6E-03 2.0E-02 8.8E-01 2.1E+00 1.0E+00 0.33 1.2E-09 2
Bromodichloromethane 1.0E+00 4.6E-03 2.3E-02 8.8E-01 2.1E+00 1.0E+00 0.33 6.9E-09 2
Carbon disulfide 5.3E+02 1.7E-02 5.7E-02 3.0E-01 7.2E-01 1.0E+00 0.33 7.8E-06 2
Carbon tetrachloride 8.5E+03 1.6E-02 7.6E-02 7.8E-01 1.9E+00 1.0E+00 0.33 1.9E-04 2
Chloroform 5.0E+03 6.8E-03 2.9E-02 5.0E-01 1.2E+00 1.0E+00 0.33 3.9E-05 2
Tetrachloroethene 3.5E+02 3.3E-02 1.6E-01 9.1E-01 2.2E+00 1.0E+00 0.33 1.8E-05 2
Trichloroethene 2.1E+02 1.2E-02 5.3E-02 5.8E-01 1.4E+00 1.0E+00 0.33 3.0E-06 2
Vinyl chloride 2.0E+00 5.6E-03 1.7E-02 2.4E-01 5.7E-01 1.0E+00 0.33 8.7E-09 2
cis-1,2-Dichloroethene 1.2E+02 7.7E-03 2.9E-02 3.7E-01 8.9E-01 1.0E+00 0.33 8.9E-07 2
trans-1,2-Dichloroethene 1.6E+01 7.7E-03 2.9E-02 3.7E-01 8.9E-01 1.0E+00 0.33 1.2E-07 2
Naphthalene 4.5E+00 4.7E-02 2.0E-01 5.6E-01 1.3E+00 1.0E+00 0.33 2.5E-07 2
bis(2-Ethylhexyl)phthalate 4.3E+00 2.5E-02 1.9E-01 1.7E+01 4.0E+01 8.0E-01 0.33 5.6E-07 2
Aluminum 2.1E+03 1.0E-03 N/A N/A N/A N/A 0.33 6.9E-07 1
Arsenic 1.8E+01 1.0E-03 N/A N/A N/A N/A 0.33 5.9E-09 1
Barium 1.0E+02 1.0E-03 N/A N/A N/A N/A 0.33 3.4E-08 1
Beryllium 8.7E-01 1.0E-03 N/A N/A N/A N/A 0.33 2.9E-10 1
Cadmium 8.8E-01 1.0E-03 N/A N/A N/A N/A 0.33 2.9E-10 1
Chromium 3.5E+00 2.0E-03 N/A N/A N/A N/A 0.33 2.3E-09 1
Cobalt 3.2E+01 4.0E-04 N/A N/A N/A N/A 0.33 4.2E-09 1
Cyanide 1.8E+03 1.0E-03 N/A N/A N/A N/A 0.33 6.1E-07 1
Iron 1.0E+04 1.0E-03 N/A N/A N/A N/A 0.33 3.4E-06 1
Lead 4.9E+00 1.0E-04 N/A N/A N/A N/A 0.33 1.6E-10 1
Manganese 2.0E+02 1.0E-03 N/A N/A N/A N/A 0.33 6.5E-08 1
Nickel 2.1E+01 2.0E-04 N/A N/A N/A N/A 0.33 1.4E-09 1
Thallium 2.9E+00 1.0E-03 N/A N/A N/A N/A 0.33 9.7E-10 1
Vanadium 3.1E+01 1.0E-03 N/A N/A N/A N/A 0.33 1.0E-08 1

Inorganics:  DAevent (mg/cm2-event) = 
Kp x CW x tevent x 0.001 mg/ug x 0.001 l/cm3  (eq 1)

Organics:  DAevent (mg/cm2-event) = 

(Eq 2)

(Eq 3)

Notes:
Permeability constants from EPA 2001, Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental 
     Guidance for Dermal Risk Assessment - Interim).  EPA/540/R/99/005. The default value of 0.001 was assigned to inorganics not listed in this document.
NA - Not applicable.
t* - Time to reach steady-state
B - Dimensionless ratio of the permeability coefficient of a compound through the stratum corneum relative to its permeability

Table 7.2.A.CTE Supplement 
Calculation of DAevent (Child)

Site 47 Feasibility Study 
NDWIH, Indian Head, Maryland
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TABLE 7.3.CTE

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURE

Site 47 Feasibility Study

NSF-IH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population: Resident

Receptor Age:  Child/Adult

Medium
Exposure 
Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern
Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Groundwater Groundwater Tap Water Ingestion 1,1,2,2-Tetrachloroethane 8.00E+00 ug/L 4.2E-05 mg/kg-day NA NA NA NA NA 6.0E-02 mg/kg/day NA

1,1,2-Trichloroethane 1.00E+00 ug/L 5.3E-06 mg/kg-day NA NA NA NA NA 4.0E-03 mg/kg/day NA

1,2-Dichloroethane 6.10E+01 ug/L 3.2E-04 mg/kg-day NA NA NA NA NA 2.0E-02 mg/kg/day NA

Benzene 5.00E+00 ug/L 2.7E-05 mg/kg-day NA NA NA NA NA 4.0E-03 mg/kg/day NA

Bromochloromethane 1.80E-01 ug/L 9.6E-07 mg/kg-day NA NA NA NA NA NA NA NA

Bromodichloromethane 1.00E+00 ug/L 5.3E-06 mg/kg-day NA NA NA NA NA 2.0E-02 mg/kg/day NA

Carbon disulfide 5.27E+02 ug/L 2.8E-03 mg/kg-day NA NA NA NA NA 1.0E-01 mg/kg/day NA

Carbon tetrachloride 8.46E+03 ug/L 4.5E-02 mg/kg-day NA NA NA NA NA 7.0E-04 mg/kg/day NA

Chloroform 5.05E+03 ug/L 2.7E-02 mg/kg-day NA NA NA NA NA 1.0E-02 mg/kg/day NA

Tetrachloroethene 3.51E+02 ug/L 1.9E-03 mg/kg-day 2.0E-01 1/(mg/kg/day) 3.7E-04 NA NA 1.0E-02 mg/kg/day NA

Trichloroethene 2.10E+02 ug/L 1.1E-03 mg/kg-day 5.7E-02 1/(mg/kg/day) 6.4E-05 NA NA 6.0E-03 mg/kg/day NA

Vinyl chloride 2.00E+00 ug/L 1.1E-05 mg/kg-day NA NA NA NA NA 3.0E-03 mg/kg/day NA

cis-1,2-Dichloroethene 1.20E+02 ug/L 6.4E-04 mg/kg-day NA NA NA NA NA 1.0E-02 mg/kg/day NA

trans-1,2-Dichloroethene 1.60E+01 ug/L 8.5E-05 mg/kg-day NA NA NA NA NA 2.0E-02 mg/kg/day NA

Naphthalene 4.50E+00 ug/L 2.4E-05 mg/kg-day NA NA NA NA NA 2.0E-02 mg/kg/day NA

bis(2-Ethylhexyl)phthalate 4.31E+00 ug/L 2.3E-05 mg/kg-day NA NA NA NA NA 2.0E-02 mg/kg/day NA

Aluminum 2.09E+03 ug/L 1.1E-02 mg/kg-day NA NA NA NA NA 1.0E+00 mg/kg/day NA

Arsenic 1.79E+01 ug/L 9.5E-05 mg/kg-day NA NA NA NA NA 3.0E-04 mg/kg/day NA

Barium 1.02E+02 ug/L 5.4E-04 mg/kg-day NA NA NA NA NA 7.0E-02 mg/kg/day NA

Beryllium 8.69E-01 ug/L 4.6E-06 mg/kg-day NA NA NA NA NA 2.0E-03 mg/kg/day NA

Cadmium 8.79E-01 ug/L 4.7E-06 mg/kg-day NA NA NA NA NA 5.0E-04 mg/kg/day NA

Chromium 3.46E+00 ug/L 1.8E-05 mg/kg-day NA NA NA NA NA 1.0E-02 mg/kg/day NA

Cobalt 3.17E+01 ug/L 1.7E-04 mg/kg-day NA NA NA NA NA 2.0E-02 mg/kg/day NA

Cyanide 1.84E+03 ug/L 9.8E-03 mg/kg-day NA NA NA NA NA 2.0E-02 mg/kg/day NA

Iron 1.04E+04 ug/L 5.5E-02 mg/kg-day NA NA NA NA NA 3.0E-01 mg/kg/day NA

Lead 4.94E+00 ug/L 2.6E-05 mg/kg-day NA NA NA NA NA NA NA NA

Manganese 1.98E+02 ug/L 1.1E-03 mg/kg-day NA NA NA NA NA 2.0E-02 mg/kg/day NA

Nickel 2.14E+01 ug/L 1.1E-04 mg/kg-day NA NA NA NA NA 2.0E-02 mg/kg/day NA

Thallium 2.94E+00 ug/L 1.6E-05 mg/kg-day NA NA NA NA NA 7.0E-05 mg/kg/day NA

Vanadium 3.11E+01 ug/L 1.7E-04 mg/kg-day NA NA NA NA NA 1.0E-03 mg/kg/day NA

Exp. Route Total 4.4E-04 0.0E+00



TABLE 7.3.CTE

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURE

Site 47 Feasibility Study

NSF-IH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population: Resident

Receptor Age:  Child/Adult

Medium
Exposure 
Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern
Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Dermal 1,1,2,2-Tetrachloroethane 8.00E+00 ug/L 3.6E-06 mg/kg-day NA NA NA NA NA 6.0E-02 mg/kg/day NA
Absorption 1,1,2-Trichloroethane 1.00E+00 ug/L 3.4E-07 mg/kg-day NA NA NA NA NA 4.0E-03 mg/kg/day NA

1,2-Dichloroethane 6.10E+01 ug/L 1.1E-05 mg/kg-day NA NA NA NA NA 2.0E-02 mg/kg/day NA

Benzene 5.00E+00 ug/L 2.7E-06 mg/kg-day NA NA NA NA NA 4.0E-03 mg/kg/day NA

Bromochloromethane 1.80E-01 ug/L 5.3E-08 mg/kg-day NA NA NA NA NA NA NA NA

Bromodichloromethane 1.00E+00 ug/L 2.9E-07 mg/kg-day NA NA NA NA NA 2.0E-02 mg/kg/day NA

Carbon disulfide 5.27E+02 ug/L 3.3E-04 mg/kg-day NA NA NA NA NA 1.0E-01 mg/kg/day NA

Carbon tetrachloride 8.46E+03 ug/L 8.1E-03 mg/kg-day NA NA NA NA NA 7.0E-04 mg/kg/day NA

Chloroform 5.05E+03 ug/L 1.6E-03 mg/kg-day NA NA NA NA NA 1.0E-02 mg/kg/day NA

Tetrachloroethene 3.51E+02 ug/L 7.5E-04 mg/kg-day 2.0E-01 1/(mg/kg/day) 1.5E-04 NA NA 1.0E-02 mg/kg/day NA

Trichloroethene 2.10E+02 ug/L 1.3E-04 mg/kg-day 5.7E-02 1/(mg/kg/day) 7.4E-06 NA NA 6.0E-03 mg/kg/day NA

Vinyl chloride 2.00E+00 ug/L 3.7E-07 mg/kg-day NA NA NA NA NA 3.0E-03 mg/kg/day NA

cis-1,2-Dichloroethene 1.20E+02 ug/L 3.8E-05 mg/kg-day NA NA NA NA NA 1.0E-02 mg/kg/day NA

trans-1,2-Dichloroethene 1.60E+01 ug/L 5.1E-06 mg/kg-day NA NA NA NA NA 2.0E-02 mg/kg/day NA

Naphthalene 4.50E+00 ug/L 1.1E-05 mg/kg-day NA NA NA NA NA 2.0E-02 mg/kg/day NA

bis(2-Ethylhexyl)phthalate 4.31E+00 ug/L 2.4E-05 mg/kg-day NA NA NA NA NA 2.0E-02 mg/kg/day NA

Aluminum 2.09E+03 ug/L 2.8E-05 mg/kg-day NA NA NA NA NA 1.0E+00 mg/kg/day NA

Arsenic 1.79E+01 ug/L 2.4E-07 mg/kg-day NA NA NA NA NA 3.0E-04 mg/kg/day NA

Barium 1.02E+02 ug/L 1.4E-06 mg/kg-day NA NA NA NA NA 4.9E-03 mg/kg/day NA

Beryllium 8.69E-01 ug/L 1.2E-08 mg/kg-day NA NA NA NA NA 1.4E-05 mg/kg/day NA

Cadmium 8.79E-01 ug/L 1.2E-08 mg/kg-day NA NA NA NA NA 2.5E-05 mg/kg/day NA

Chromium 3.46E+00 ug/L 9.2E-08 mg/kg-day NA NA NA NA NA 7.5E-05 mg/kg/day NA

Cobalt 3.17E+01 ug/L 1.7E-07 mg/kg-day NA NA NA NA NA 2.0E-02 mg/kg/day NA

Cyanide 1.84E+03 ug/L 2.4E-05 mg/kg-day NA NA NA NA NA 2.0E-02 mg/kg/day NA

Iron 1.04E+04 ug/L 1.4E-04 mg/kg-day NA NA NA NA NA 3.0E-01 mg/kg/day NA

Lead 4.94E+00 ug/L 6.6E-09 mg/kg-day NA NA NA NA NA NA NA NA

Manganese 1.98E+02 ug/L 2.6E-06 mg/kg-day NA NA NA NA NA 8.0E-04 mg/kg/day NA

Nickel 2.14E+01 ug/L 5.7E-08 mg/kg-day NA NA NA NA NA 8.0E-04 mg/kg/day NA

Thallium 2.94E+00 ug/L 3.9E-08 mg/kg-day NA NA NA NA NA 7.0E-05 mg/kg/day NA

Vanadium 3.11E+01 ug/L 4.1E-07 mg/kg-day NA NA NA NA NA 2.6E-05 mg/kg/day NA

Exp. Route Total 1.6E-04 0.0E+00

Exposure Point Total 5.9E-04 0.0E+00



TABLE 7.3.CTE

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURE

Site 47 Feasibility Study

NSF-IH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population: Resident

Receptor Age:  Child/Adult

Medium
Exposure 
Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern
Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Groundwater Groundwater Volatilization from Water 
during Shower Inhalation

1,1,2,2-Tetrachloroethane 8.00E+00 ug/L 3.6E-05 mg/kg-day 2.0E-01 1/(mg/kg/day) 7.2E-06 NA NA NA NA NA

1,1,2-Trichloroethane 1.00E+00 ug/L 6.4E-06 mg/kg-day 5.6E-02 1/(mg/kg/day) 3.6E-07 NA NA NA NA NA

1,2-Dichloroethane 6.10E+01 ug/L 4.4E-04 mg/kg-day 9.1E-02 1/(mg/kg/day) 4.0E-05 NA NA 1.4E-03 mg/kg/day NA

Benzene 5.00E+00 ug/L 4.6E-05 mg/kg-day 2.7E-02 1/(mg/kg/day) 1.2E-06 NA NA 8.6E-03 mg/kg/day NA

Bromochloromethane 1.80E-01 ug/L 1.3E-06 mg/kg-day NA NA NA NA NA NA NA NA

Bromodichloromethane 1.00E+00 ug/L 6.4E-06 mg/kg-day NA NA NA NA NA NA NA NA

Carbon disulfide 5.27E+02 ug/L 5.0E-03 mg/kg-day NA NA NA NA NA 2.0E-01 mg/kg/day NA

Carbon tetrachloride 8.46E+03 ug/L 6.2E-02 mg/kg-day 5.3E-02 1/(mg/kg/day) 3.3E-03 NA NA 5.7E-04 mg/kg/day NA

Chloroform 5.05E+03 ug/L 3.8E-02 mg/kg-day 8.1E-02 1/(mg/kg/day) 3.1E-03 NA NA 1.4E-02 mg/kg/day NA

Tetrachloroethene 3.51E+02 ug/L 2.5E-03 mg/kg-day 2.0E-02 1/(mg/kg/day) 5.0E-05 NA NA 1.4E-01 mg/kg/day NA

Trichloroethene 2.10E+02 ug/L 1.6E-03 mg/kg-day 6.0E-03 1/(mg/kg/day) 9.6E-06 NA NA NA NA NA

Vinyl chloride 2.00E+00 ug/L 2.0E-05 mg/kg-day 3.1E-02 1/(mg/kg/day) 6.2E-07 NA NA 2.8E-02 mg/kg/day NA

cis-1,2-Dichloroethene 1.20E+02 ug/L 1.0E-03 mg/kg-day NA NA NA NA NA NA NA NA

trans-1,2-Dichloroethene 1.60E+01 ug/L 1.4E-04 mg/kg-day NA NA NA NA NA NA NA NA

Naphthalene 4.50E+00 ug/L 2.5E-05 mg/kg-day NA NA NA NA NA 9.0E-04 mg/kg/day NA

bis(2-Ethylhexyl)phthalate 4.31E+00 ug/L 1.1E-08 mg/kg-day 1.4E-02 1/(mg/kg/day) 1.6E-10 NA NA NA NA NA

Exp. Route Total 6.5E-03 0.0E+00

Exposure Point Total 6.5E-03 0.0E+00

Exposure Medium Total 7.1E-03 0.0E+00

Groundwater Total 7.1E-03 0.0E+00

Total of Receptor Risks Across All Media  7.1E-03 Total of Receptor Hazards Across All Media  0.0E+00



TABLE 7.4.CTE

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURE

Site 47 Feasibility Study 

NDWIH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population: Construction Worker

Receptor Age:  Adult

Medium
Exposure 
Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern
Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Groundwater Groundwater Water in Excavation Pit Dermal 1,1,2,2-Tetrachloroethane 8.0E+00 ug/L 1.3E-07 mg/kg-day 2.0E-01 1/(mg/kg/day) 2.7E-08 9.4E-06 NA 6.0E-02 mg/kg/day 1.6E-04
Absorption 1,1,2-Trichloroethane 1.0E+00 ug/L 1.4E-08 mg/kg-day 5.7E-02 1/(mg/kg/day) 7.8E-10 9.6E-07 NA 4.0E-03 mg/kg/day 2.4E-04

1,2-Dichloroethane 6.1E+01 ug/L 5.1E-07 mg/kg-day 9.1E-02 1/(mg/kg/day) 4.6E-08 3.5E-05 NA 2.0E-02 mg/kg/day 1.8E-03

Benzene 5.0E+00 ug/L 1.4E-07 mg/kg-day 5.5E-02 1/(mg/kg/day) 7.6E-09 9.7E-06 NA 4.0E-03 mg/kg/day 2.4E-03

Bromochloromethane 1.8E-01 ug/L 2.0E-09 mg/kg-day NA NA NA 1.4E-07 NA NA NA NA

Bromodichloromethane 1.0E+00 ug/L 1.1E-08 mg/kg-day 6.2E-02 1/(mg/kg/day) 6.8E-10 7.7E-07 NA 2.0E-02 mg/kg/day 3.9E-05

Carbon disulfide 5.3E+02 ug/L 1.7E-05 mg/kg-day NA NA NA 1.2E-03 NA 1.0E-01 mg/kg/day 1.2E-02

Carbon tetrachloride 8.5E+03 ug/L 3.1E-04 mg/kg-day 1.3E-01 1/(mg/kg/day) 4.0E-05 2.1E-02 NA 7.0E-04 mg/kg/day 3.1E+01

Chloroform 5.0E+03 ug/L 7.1E-05 mg/kg-day NA NA NA 5.0E-03 NA 1.0E-02 mg/kg/day 5.0E-01

Tetrachloroethene 3.5E+02 ug/L 2.7E-05 mg/kg-day 5.4E-01 1/(mg/kg/day) 1.5E-05 1.9E-03 NA 1.0E-02 mg/kg/day 1.9E-01

Trichloroethene 2.1E+02 ug/L 5.3E-06 mg/kg-day 1.1E-02 1/(mg/kg/day) 5.8E-08 3.7E-04 NA 6.0E-03 mg/kg/day 6.2E-02

Vinyl chloride 2.0E+00 ug/L 2.1E-08 mg/kg-day 7.2E-01 1/(mg/kg/day) 1.5E-08 1.5E-06 NA 3.0E-03 mg/kg/day 4.8E-04

cis-1,2-Dichloroethene 1.2E+02 ug/L 1.8E-06 mg/kg-day NA NA NA 1.3E-04 NA 1.0E-02 mg/kg/day 1.3E-02

trans-1,2-Dichloroethene 1.6E+01 ug/L 2.4E-07 mg/kg-day NA NA NA 1.7E-05 NA 2.0E-02 mg/kg/day 8.4E-04

Naphthalene 4.5E+00 ug/L 4.1E-07 mg/kg-day NA NA NA 2.9E-05 NA 2.0E-02 mg/kg/day 1.4E-03

bis(2-Ethylhexyl)phthalate 4.3E+00 ug/L 8.2E-07 mg/kg-day 1.4E-02 1/(mg/kg/day) 1.1E-08 5.7E-05 NA 2.0E-02 mg/kg/day 2.9E-03

Aluminum 2.1E+03 ug/L 3.5E-06 mg/kg-day NA NA NA 2.5E-04 NA 1.0E+00 mg/kg/day 2.5E-04

Arsenic 1.8E+01 ug/L 3.0E-08 mg/kg-day 1.5E+00 1/(mg/kg/day) 4.5E-08 2.1E-06 NA 3.0E-04 mg/kg/day 7.0E-03

Barium 1.0E+02 ug/L 1.7E-07 mg/kg-day NA NA NA 1.2E-05 NA 4.9E-03 mg/kg/day 2.4E-03

Beryllium 8.7E-01 ug/L 1.5E-09 mg/kg-day NA NA NA 1.0E-07 NA 1.4E-05 mg/kg/day 7.3E-03

Cadmium 8.8E-01 ug/L 1.5E-09 mg/kg-day NA NA NA 1.0E-07 NA 2.5E-05 mg/kg/day 4.1E-03

Chromium 3.5E+00 ug/L 1.2E-08 mg/kg-day NA NA NA 8.1E-07 NA 5.0E-04 mg/kg/day 1.6E-03

Cobalt 3.2E+01 ug/L 2.1E-08 mg/kg-day NA NA NA 1.5E-06 NA 2.0E-02 mg/kg/day 7.4E-05

Cyanide 1.8E+03 ug/L 3.1E-06 mg/kg-day NA NA NA 2.2E-04 NA 2.0E-02 mg/kg/day 1.1E-02

Iron 1.0E+04 ug/L 1.7E-05 mg/kg-day NA NA NA 1.2E-03 NA 3.0E-01 mg/kg/day 4.1E-03

Lead 4.9E+00 ug/L 8.3E-10 mg/kg-day NA NA NA 5.8E-08 NA NA NA NA

Manganese 2.0E+02 ug/L 3.3E-07 mg/kg-day NA NA NA 2.3E-05 NA 8.0E-04 mg/kg/day 2.9E-02

Nickel 2.1E+01 ug/L 7.2E-09 mg/kg-day NA NA NA 5.0E-07 NA 8.0E-04 mg/kg/day 6.3E-04

Thallium 2.9E+00 ug/L 4.9E-09 mg/kg-day NA NA NA 3.5E-07 NA 7.0E-05 mg/kg/day 4.9E-03

Vanadium 3.1E+01 ug/L 5.2E-08 mg/kg-day NA NA NA 3.7E-06 NA 1.8E-04 mg/kg/day 2.0E-02

Exp. Route Total 5.5E-05 3.1E+01

Exposure Point Total 5.5E-05 3.1E+01



TABLE 7.4.CTE

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURE

Site 47 Feasibility Study 

NDWIH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population: Construction Worker

Receptor Age:  Adult

Medium
Exposure 
Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern
Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Groundwater Groundwater
Volatilization from 

Groundwater in 
Excavation Pit

Inhalation
1,1,2,2-Tetrachloroethane 8.0E+00 ug/L 1.2E-06 mg/kg-day 2.0E-01 1/(mg/kg/day) 2.3E-07 8.1E-05 mg/kg-day NA NA NA

1,1,2-Trichloroethane 1.0E+00 ug/L 1.6E-07 mg/kg-day 5.6E-02 1/(mg/kg/day) 9.1E-09 1.1E-05 mg/kg-day NA NA NA

1,2-Dichloroethane 6.1E+01 ug/L 1.1E-05 mg/kg-day 9.1E-02 1/(mg/kg/day) 9.8E-07 7.6E-04 mg/kg-day 1.4E-03 mg/kg/day 5.4E-01

Benzene 5.0E+00 ug/L 9.6E-07 mg/kg-day 2.7E-02 1/(mg/kg/day) 2.6E-08 6.7E-05 mg/kg-day 8.6E-03 mg/kg/day 7.8E-03

Bromochloromethane 1.8E-01 ug/L 3.0E-08 mg/kg-day NA NA NA 2.1E-06 mg/kg-day NA NA NA

Bromodichloromethane 1.0E+00 ug/L 1.6E-07 mg/kg-day NA NA NA 1.1E-05 mg/kg-day NA NA NA

Carbon disulfide 5.3E+02 ug/L 1.0E-04 mg/kg-day NA NA NA 7.2E-03 mg/kg-day 2.0E-01 mg/kg/day 3.6E-02

Carbon tetrachloride 8.5E+03 ug/L 1.4E-03 mg/kg-day 5.3E-02 1/(mg/kg/day) 7.3E-05 9.7E-02 mg/kg-day 5.7E-04 mg/kg/day 1.7E+02

Chloroform 5.0E+03 ug/L 8.7E-04 mg/kg-day 8.1E-02 1/(mg/kg/day) 7.1E-05 6.1E-02 mg/kg-day 1.4E-02 mg/kg/day 4.4E+00

Tetrachloroethene 3.5E+02 ug/L 5.6E-05 mg/kg-day 2.0E-02 1/(mg/kg/day) 1.1E-06 3.9E-03 mg/kg-day 1.4E-01 mg/kg/day 2.8E-02

Trichloroethene 2.1E+02 ug/L 3.6E-05 mg/kg-day 6.0E-03 1/(mg/kg/day) 2.1E-07 2.5E-03 mg/kg-day NA NA NA

Vinyl chloride 2.0E+00 ug/L 4.1E-07 mg/kg-day 1.5E-02 1/(mg/kg/day) 6.1E-09 2.9E-05 mg/kg-day 2.8E-02 mg/kg/day 1.0E-03

cis-1,2-Dichloroethene 1.2E+02 ug/L 2.2E-05 mg/kg-day NA NA NA 1.5E-03 mg/kg-day NA NA NA

trans-1,2-Dichloroethene 1.6E+01 ug/L 2.9E-06 mg/kg-day NA NA NA 2.0E-04 mg/kg-day NA NA NA

Naphthalene 4.5E+00 ug/L 7.1E-07 mg/kg-day NA NA NA 4.9E-05 mg/kg-day 9.0E-04 mg/kg/day 5.5E-02

bis(2-Ethylhexyl)phthalate 4.3E+00 ug/L 3.7E-09 mg/kg-day 1.4E-02 1/(mg/kg/day) 5.2E-11 2.6E-07 mg/kg-day NA NA NA

Exp. Route Total 1.5E-04 1.7E+02

Exposure Point Total 1.5E-04 1.7E+02

Exposure Medium Total 1.5E-04 1.7E+02

Groundwater Total 2.0E-04 2.1E+02

Total of Receptor Risks Across All Media  2.0E-04 Total of Receptor Hazards Across All Media  2.1E+02



Chemical Medium Permeability Lag Fraction Duration
of Potential EPC Coefficient Time t* Absorbed Water of Event DAevent Equation

Concern Value (Kp) B (τevent) (FA) (tevent)
 (cm/hr) (dimensionless) (hr) (hour) (dimensionless) (hr) (mg/cm2-event)

1,1,2,2-Tetrachloroethane 8.0E+00 6.9E-03 3.4E-02 9.3E-01 2.2E+00 1.0E+00 4 3.2E-07 3
1,1,2-Trichloroethane 1.0E+00 6.4E-03 2.8E-02 6.0E-01 1.4E+00 1.0E+00 4 3.3E-08 3
1,2-Dichloroethane 6.1E+01 4.2E-03 1.6E-02 3.8E-01 9.2E-01 1.0E+00 4 1.2E-06 3
Benzene 5.0E+00 1.5E-02 5.1E-02 2.9E-01 7.0E-01 1.0E+00 4 3.3E-07 3
Bromochloromethane 1.8E-01 4.6E-03 2.0E-02 8.8E-01 2.1E+00 1.0E+00 4 4.7E-09 3
Bromodichloromethane 1.0E+00 4.6E-03 2.3E-02 8.8E-01 2.1E+00 1.0E+00 4 2.6E-08 3
Carbon disulfide 5.3E+02 1.7E-02 5.7E-02 3.0E-01 7.2E-01 1.0E+00 4 4.0E-05 3
Carbon tetrachloride 8.5E+03 1.6E-02 7.6E-02 7.8E-01 1.9E+00 1.0E+00 4 7.3E-04 3
Chloroform 5.0E+03 6.8E-03 2.9E-02 5.0E-01 1.2E+00 1.0E+00 4 1.7E-04 3
Tetrachloroethene 3.5E+02 3.3E-02 1.6E-01 9.1E-01 2.2E+00 1.0E+00 4 6.4E-05 3
Trichloroethene 2.1E+02 1.2E-02 5.3E-02 5.8E-01 1.4E+00 1.0E+00 4 1.3E-05 3
Vinyl chloride 2.0E+00 5.6E-03 1.7E-02 2.4E-01 5.7E-01 1.0E+00 4 5.0E-08 3
cis-1,2-Dichloroethene 1.2E+02 7.7E-03 2.9E-02 3.7E-01 8.9E-01 1.0E+00 4 4.3E-06 3
trans-1,2-Dichloroethene 1.6E+01 7.7E-03 2.9E-02 3.7E-01 8.9E-01 1.0E+00 4 5.7E-07 3
Naphthalene 4.5E+00 4.7E-02 2.0E-01 5.6E-01 1.3E+00 1.0E+00 4 9.9E-07 3
bis(2-Ethylhexyl)phthalate 4.3E+00 2.5E-02 1.9E-01 1.7E+01 4.0E+01 8.0E-01 4 1.9E-06 2
Aluminum 2.1E+03 1.0E-03 N/A N/A N/A N/A 4 8.4E-06 1
Arsenic 1.8E+01 1.0E-03 N/A N/A N/A N/A 4 7.2E-08 1
Barium 1.0E+02 1.0E-03 N/A N/A N/A N/A 4 4.1E-07 1
Beryllium 8.7E-01 1.0E-03 N/A N/A N/A N/A 4 3.5E-09 1
Cadmium 8.8E-01 1.0E-03 N/A N/A N/A N/A 4 3.5E-09 1
Chromium 3.5E+00 2.0E-03 N/A N/A N/A N/A 4 2.8E-08 1
Cobalt 3.2E+01 4.0E-04 N/A N/A N/A N/A 4 5.1E-08 1
Cyanide 1.8E+03 1.0E-03 N/A N/A N/A N/A 4 7.4E-06 1
Iron 1.0E+04 1.0E-03 N/A N/A N/A N/A 4 4.1E-05 1
Lead 4.9E+00 1.0E-04 N/A N/A N/A N/A 4 2.0E-09 1
Manganese 2.0E+02 1.0E-03 N/A N/A N/A N/A 4 7.9E-07 1
Nickel 2.1E+01 2.0E-04 N/A N/A N/A N/A 4 1.7E-08 1
Thallium 2.9E+00 1.0E-03 N/A N/A N/A N/A 4 1.2E-08 1
Vanadium 3.1E+01 1.0E-03 N/A N/A N/A N/A 4 1.2E-07 1

Inorganics:  DAevent (mg/cm2-event) = 
Kp x CW x tevent x 0.001 mg/ug x 0.001 l/cm3  (eq 1)

Organics:  DAevent (mg/cm2-event) = 

(Eq 2)

(Eq 3)

Notes:
Permeability constants from EPA 2001, Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental 
     Guidance for Dermal Risk Assessment - Interim).  EPA/540/R/99/005. The default value of 0.001 was assigned to inorganics not listed in this document.
NA - Not applicable.
t* - Time to reach steady-state
B - Dimensionless ratio of the permeability coefficient of a compound through the stratum corneum relative to its permeability

Table 7.4.A.CTE Supplement 
Calculation of DAevent (Construction Worker)

Site 47 Feasibility Study 
NDWIH, Indian Head, Maryland
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Table 7.4.B.CTE Supplement
Inhalation of Volatiles from Groundwater During Construction

Inhalation Exposure Concentrations Calculated Using a Two-Film Volatilization Model
Future Construction Worker Senario

Site 47 Feasibility Study
 NDWIH, Indian Head, Maryland

Chemical Cw MW KH kl kg Kv ER ERa Ca
(μg/L) (mol/gram) (unitless) (cm/hr) (cm/hr) (cm/hr) (mg/hr-cm2) (g/sec-m2) (mg/m3)

1,1,2,2-Tetrachloroethane 8.00E+00 1.68E+02 1.50E-02 2.91E+00 1.76E+03 2.62E+00 2.10E-05 5.82E-08 1.65E-03
1,1,2-Trichloroethane 1.00E+00 1.33E+02 3.37E-02 3.08E+00 1.87E+03 2.94E+00 2.94E-06 8.15E-09 2.32E-04
1,2-Dichloroethane 6.10E+01 9.90E+01 4.82E-02 3.32E+00 2.01E+03 3.21E+00 1.96E-04 5.44E-07 1.54E-02
Benzene 5.00E+00 7.81E+01 2.27E-01 3.52E+00 2.13E+03 3.49E+00 1.75E-05 4.85E-08 1.38E-03
Bromochloromethane 1.80E-01 1.29E+02 5.97E-02 3.10E+00 1.88E+03 3.02E+00 5.44E-07 1.51E-09 4.29E-05
Bromodichloromethane 1.00E+00 1.64E+02 8.67E-02 2.93E+00 1.77E+03 2.87E+00 2.87E-06 7.97E-09 2.26E-04
Carbon disulfide 5.27E+02 7.61E+01 5.89E-01 3.54E+00 2.15E+03 3.53E+00 1.86E-03 5.17E-06 1.47E-01
Carbon tetrachloride 8.46E+03 1.54E+02 1.13E+00 2.97E+00 1.80E+03 2.97E+00 2.51E-02 6.97E-05 1.98E+00
Chloroform 5.05E+03 1.19E+02 1.50E-01 3.17E+00 1.92E+03 3.13E+00 1.58E-02 4.39E-05 1.25E+00
Tetrachloroethene 3.51E+02 1.66E+02 7.24E-01 2.92E+00 1.77E+03 2.91E+00 1.02E-03 2.84E-06 8.05E-02
Trichloroethene 2.10E+02 1.31E+02 4.22E-01 3.09E+00 1.88E+03 3.08E+00 6.47E-04 1.80E-06 5.10E-02
Vinyl chloride 2.00E+00 6.25E+01 1.14E+00 3.72E+00 2.26E+03 3.72E+00 7.43E-06 2.06E-08 5.86E-04
cis-1,2-Dichloroethene 1.20E+02 9.69E+01 1.67E-01 3.34E+00 2.02E+03 3.30E+00 3.96E-04 1.10E-06 3.13E-02
trans-1,2-Dichloroethene 1.60E+01 9.69E+01 3.83E-01 3.34E+00 2.02E+03 3.32E+00 5.31E-05 1.48E-07 4.19E-03
Naphthalene 4.50E+00 1.28E+02 1.80E-02 3.11E+00 1.89E+03 2.85E+00 1.28E-05 3.56E-08 1.01E-03
bis(2-Ethylhexyl)phthalate 4.31E+00 3.91E+02 1.10E-05 2.35E+00 1.43E+03 1.56E-02 6.72E-08 1.87E-10 5.30E-06

Equations
Equation 1 Kv= 1/(1/kl + 1/KH*Kg)
Equation 2 kg = 700(18/MW)1/4V

Equation 3 kl = (32/MW)1/4Ka'

Equation 4 ER = Kv * Cw * L/1000 cm3 * mg/1000 μg
Equation 5 ERa = ER * g/1000 mg * hr/60 min * min/60 sec * 10000cm2/m2

Variables Units Exposure Assumptions
Cw = groundwater concentration (μg/L) chem-specific
MW = molecular weight (mol/gram) chem-specific
KH - Henry's Law Constant (unitless) chem-specific
Kv = volatilization rate (cm/hr) Solved by Eq 1
kg = gas phase transfer coefficient (cm/hr) Solved by Eq 2
kl = liquid phase transfer coefficient (cm/hr) Solved by Eq 3
V = wind speed (m/s) 4.4
Ka' = aeration rate (cm/hr) 0.0633
ER = emission rate (mg/hr) Solved by Eq 4
A = area of excavation (utility ditch) (m2) 2,700
Era = area emission rate (g/sec-m2) Solved by Eq 5
Ca = air concentration (mg/m3) Solved using SCREEN3 model
Note:  aeration rate based on aeration rate for small pond (0.1/day) multiplied by depth of water



TABLE 7.5.CTE

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURE

Site 47 Feasibility Study 

NDWIH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population: Resident

Receptor Age:  Adult

Medium
Exposure 
Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern
Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Groundwater Groundwater Tap Water Ingestion

(minus hot spot) 1,2-Dichloroethane 2.7E+00 ug/L NA NA 9.1E-02 1/(mg/kg/day) NA 3.5E-05 mg/kg/day 2.0E-02 mg/kg/day 1.7E-03

Bromochloromethane 1.8E-01 ug/L NA NA NA NA NA 2.3E-06 mg/kg/day NA NA NA

Bromodichloromethane 7.0E-01 ug/L NA NA 6.2E-02 1/(mg/kg/day) NA 9.0E-06 mg/kg/day 2.0E-02 mg/kg/day 4.5E-04

Carbon tetrachloride 1.7E+00 ug/L NA NA 1.3E-01 1/(mg/kg/day) NA 2.1E-05 mg/kg/day 7.0E-04 mg/kg/day 3.0E-02

Chloroform 2.2E+00 ug/L NA NA NA NA NA 2.8E-05 mg/kg/day 1.0E-02 mg/kg/day 2.8E-03

Tetrachloroethene 1.0E+01 ug/L NA NA 5.4E-01 1/(mg/kg/day) NA 1.3E-04 mg/kg/day 1.0E-02 mg/kg/day 1.3E-02

Trichloroethene 1.7E+01 ug/L NA NA 1.1E-02 1/(mg/kg/day) NA 2.2E-04 mg/kg/day 6.0E-03 mg/kg/day 3.7E-02

Vinyl chloride 1.7E+00 ug/L NA NA 1.4E+00 1/(mg/kg/day) NA 2.2E-05 mg/kg/day 3.0E-03 mg/kg/day 7.4E-03

cis-1,2-Dichloroethene 3.9E+00 ug/L NA NA NA NA NA 5.0E-05 mg/kg/day 1.0E-02 mg/kg/day 5.0E-03

Naphthalene 4.4E+00 ug/L NA NA NA NA NA 5.6E-05 mg/kg/day 2.0E-02 mg/kg/day 2.8E-03

bis(2-Ethylhexyl)phthalate 4.1E+00 ug/L NA NA 1.4E-02 1/(mg/kg/day) NA 5.3E-05 mg/kg/day 2.0E-02 mg/kg/day 2.7E-03

Aluminum 1.8E+03 ug/L NA NA NA NA NA 2.3E-02 mg/kg/day 1.0E+00 mg/kg/day 2.3E-02

Arsenic 5.3E+00 ug/L NA NA 1.5E+00 1/(mg/kg/day) NA 6.8E-05 mg/kg/day 3.0E-04 mg/kg/day 2.3E-01

Barium 1.1E+02 ug/L NA NA NA NA NA 1.4E-03 mg/kg/day 7.0E-02 mg/kg/day 2.0E-02

Chromium 4.0E+00 ug/L NA NA NA NA NA 5.1E-05 mg/kg/day 3.0E-03 mg/kg/day 1.7E-02

Cyanide 1.9E+03 ug/L NA NA NA NA NA 2.4E-02 mg/kg/day 2.0E-02 mg/kg/day 1.2E+00

Iron 6.6E+03 ug/L NA NA NA NA NA 8.5E-02 mg/kg/day 3.0E-01 mg/kg/day 2.8E-01

Manganese 2.1E+02 ug/L NA NA NA NA NA 2.7E-03 mg/kg/day 2.0E-02 mg/kg/day 1.3E-01

Thallium 2.6E+00 ug/L NA NA NA NA NA 3.4E-05 mg/kg/day 7.0E-05 mg/kg/day 4.8E-01

Vanadium 1.2E+01 ug/L NA NA NA NA NA 1.5E-04 mg/kg/day 1.0E-03 mg/kg/day 1.5E-01

Exp. Route Total NA 2.6E+00



TABLE 7.5.CTE

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURE

Site 47 Feasibility Study 

NDWIH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population: Resident

Receptor Age:  Adult

Medium
Exposure 
Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern
Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Dermal

Absorption 1,2-Dichloroethane 2.7E+00 ug/L NA NA 9.1E-02 1/(mg/kg/day) NA 1.6E-06 mg/kg/day 2.0E-02 mg/kg/day 8.0E-05

Bromochloromethane 1.8E-01 ug/L NA NA NA NA NA 1.8E-07 mg/kg/day NA NA NA

Bromodichloromethane 7.0E-01 ug/L NA NA 6.2E-02 1/(mg/kg/day) NA 6.9E-07 mg/kg/day 2.0E-02 mg/kg/day 3.4E-05

Carbon tetrachloride 1.7E+00 ug/L NA NA 1.3E-01 1/(mg/kg/day) NA 5.3E-06 mg/kg/day 7.0E-04 mg/kg/day 7.6E-03

Chloroform 2.2E+00 ug/L NA NA NA NA NA 2.4E-06 mg/kg/day 1.0E-02 mg/kg/day 2.4E-04

Tetrachloroethene 1.0E+01 ug/L NA NA 5.4E-01 1/(mg/kg/day) NA 7.4E-05 mg/kg/day 1.0E-02 mg/kg/day 7.4E-03

Trichloroethene 1.7E+01 ug/L NA NA 1.1E-02 1/(mg/kg/day) NA 3.6E-05 mg/kg/day 6.0E-03 mg/kg/day 6.1E-03

Vinyl chloride 1.7E+00 ug/L NA NA 1.4E+00 1/(mg/kg/day) NA 1.1E-06 mg/kg/day 3.0E-03 mg/kg/day 3.6E-04

cis-1,2-Dichloroethene 3.9E+00 ug/L NA NA NA NA NA 4.2E-06 mg/kg/day 1.0E-02 mg/kg/day 4.2E-04

Naphthalene 4.4E+00 ug/L NA NA NA NA NA 3.5E-05 mg/kg/day 2.0E-02 mg/kg/day 1.8E-03

bis(2-Ethylhexyl)phthalate 4.1E+00 ug/L NA NA 1.4E-02 1/(mg/kg/day) NA 7.7E-05 mg/kg/day 2.0E-02 mg/kg/day 3.8E-03

Aluminum 1.8E+03 ug/L NA NA NA NA NA 7.4E-05 mg/kg/day 1.0E+00 mg/kg/day 7.4E-05

Arsenic 5.3E+00 ug/L NA NA 1.5E+00 1/(mg/kg/day) NA 2.2E-07 mg/kg/day 3.0E-04 mg/kg/day 7.3E-04

Barium 1.1E+02 ug/L NA NA NA NA NA 4.5E-06 mg/kg/day 4.9E-03 mg/kg/day 9.2E-04

Chromium 4.0E+00 ug/L NA NA NA NA NA 3.3E-07 mg/kg/day 7.5E-05 mg/kg/day 4.4E-03

Cyanide 1.9E+03 ug/L NA NA NA NA NA 7.7E-05 mg/kg/day 2.0E-02 mg/kg/day 3.8E-03

Iron 6.6E+03 ug/L NA NA NA NA NA 2.7E-04 mg/kg/day 3.0E-01 mg/kg/day 9.1E-04

Manganese 2.1E+02 ug/L NA NA NA NA NA 8.5E-06 mg/kg/day 8.0E-04 mg/kg/day 1.1E-02

Thallium 2.6E+00 ug/L NA NA NA NA NA 1.1E-07 mg/kg/day 7.0E-05 mg/kg/day 1.5E-03

Vanadium 1.2E+01 ug/L NA NA NA NA NA 4.9E-07 mg/kg/day 2.6E-05 mg/kg/day 1.9E-02

Exp. Route Total NA 7.0E-02

Exposure Point Total NA 2.7E+00



TABLE 7.5.CTE

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURE

Site 47 Feasibility Study 

NDWIH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population: Resident

Receptor Age:  Adult

Medium
Exposure 
Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern
Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Groundwater Groundwater
Volatilization from Water 
during Shower (minus hot 

spot area)
Inhalation

1,2-Dichloroethane 2.7E+00 ug/L NA NA 9.1E-02 1/(mg/kg/day) NA 1.4E-04 mg/kg/day 1.4E-03 mg/kg/day 9.8E-02

Bromochloromethane 1.8E-01 ug/L NA NA NA NA NA 8.8E-06 mg/kg/day NA NA NA

Bromodichloromethane 7.0E-01 ug/L NA NA NA NA NA 3.1E-05 mg/kg/day NA NA NA

Carbon tetrachloride 1.7E+00 ug/L NA NA 5.3E-02 1/(mg/kg/day) NA 8.3E-05 mg/kg/day 5.7E-04 mg/kg/day 1.5E-01

Chloroform 2.2E+00 ug/L NA NA 8.1E-02 1/(mg/kg/day) NA 1.2E-04 mg/kg/day 1.4E-02 mg/kg/day 8.3E-03

Tetrachloroethene 1.0E+01 ug/L NA NA 2.0E-02 1/(mg/kg/day) NA 5.1E-04 mg/kg/day 1.4E-01 mg/kg/day 3.6E-03

Trichloroethene 1.7E+01 ug/L NA NA 6.0E-03 1/(mg/kg/day) NA 9.3E-04 mg/kg/day NA NA NA

Vinyl chloride 1.7E+00 ug/L NA NA 3.1E-02 1/(mg/kg/day) NA 1.2E-04 mg/kg/day 2.8E-02 mg/kg/day 4.4E-03

cis-1,2-Dichloroethene 3.9E+00 ug/L NA NA NA NA NA 2.3E-04 mg/kg/day NA NA NA

Naphthalene 4.4E+00 ug/L NA NA NA NA NA 1.7E-04 mg/kg/day 9.0E-04 mg/kg/day 1.9E-01

bis(2-Ethylhexyl)phthalate 4.1E+00 ug/L NA NA 1.4E-02 1/(mg/kg/day) NA 7.6E-08 mg/kg/day NA NA NA

Exp. Route Total 0.0E+00 4.5E-01

Exposure Point Total 0.0E+00 4.5E-01

Exposure Medium Total 0.0E+00 4.5E-01

Groundwater Total 0.0E+00 3.2E+00

Total of Receptor Risks Across All Media  0.0E+00 Total of Receptor Hazards Across All Media  3.2E+00



Chemical Medium Permeability Lag Fraction Duration
of Potential EPC Coefficient Time t* Absorbed Water of Event DAevent Equation

Concern Value (Kp) B (τevent) (FA) (tevent)
 (cm/hr) (dimensionless) (hr) (hour) (dimensionless) (hr) (mg/cm2-event)

1,2-Dichloroethane 2.7E+00 4.2E-03 1.6E-02 3.8E-01 9.2E-01 1.0E+00 0.25 9.7E-09 2
Bromochloromethane 1.8E-01 4.6E-03 2.0E-02 8.8E-01 2.1E+00 1.0E+00 0.25 1.1E-09 2
Bromodichloromethane 7.0E-01 4.6E-03 2.3E-02 8.8E-01 2.1E+00 1.0E+00 0.25 4.2E-09 2
Carbon tetrachloride 1.7E+00 1.6E-02 7.6E-02 7.8E-01 1.9E+00 1.0E+00 0.25 3.2E-08 2
Chloroform 2.2E+00 6.8E-03 2.9E-02 5.0E-01 1.2E+00 1.0E+00 0.25 1.5E-08 2
Tetrachloroethene 1.0E+01 3.3E-02 1.6E-01 9.1E-01 2.2E+00 1.0E+00 0.25 4.5E-07 2
Trichloroethene 1.7E+01 1.2E-02 5.3E-02 5.8E-01 1.4E+00 1.0E+00 0.25 2.2E-07 2
Vinyl chloride 1.7E+00 5.6E-03 1.7E-02 2.4E-01 5.7E-01 1.0E+00 0.25 6.6E-09 2
cis-1,2-Dichloroethene 3.9E+00 7.7E-03 2.9E-02 3.7E-01 8.9E-01 1.0E+00 0.25 2.5E-08 2
Naphthalene 4.4E+00 4.7E-02 2.0E-01 5.6E-01 1.3E+00 1.0E+00 0.25 2.1E-07 2
bis(2-Ethylhexyl)phthalate 4.1E+00 2.5E-02 1.9E-01 1.7E+01 4.0E+01 8.0E-01 0.25 4.7E-07 2
Aluminum 1.8E+03 1.0E-03 N/A N/A N/A N/A 0.25 4.5E-07 1
Arsenic 5.3E+00 1.0E-03 N/A N/A N/A N/A 0.25 1.3E-09 1
Barium 1.1E+02 1.0E-03 N/A N/A N/A N/A 0.25 2.7E-08 1
Chromium 4.0E+00 2.0E-03 N/A N/A N/A N/A 0.25 2.0E-09 1
Cyanide 1.9E+03 1.0E-03 N/A N/A N/A N/A 0.25 4.6E-07 1
Iron 6.6E+03 1.0E-03 N/A N/A N/A N/A 0.25 1.7E-06 1
Manganese 2.1E+02 1.0E-03 N/A N/A N/A N/A 0.25 5.2E-08 1
Thallium 2.6E+00 1.0E-03 N/A N/A N/A N/A 0.25 6.6E-10 1
Vanadium 1.2E+01 1.0E-03 N/A N/A N/A N/A 0.25 3.0E-09 1

Inorganics:  DAevent (mg/cm2-event) = 
Kp x CW x tevent x 0.001 mg/ug x 0.001 l/cm3  (eq 1)

Organics:  DAevent (mg/cm2-event) = 

(Eq 2)

(Eq 3)

Notes:
Permeability constants from EPA 2001, Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental 
     Guidance for Dermal Risk Assessment - Interim).  EPA/540/R/99/005. The default value of 0.001 was assigned to inorganics not listed in this document.
NA - Not applicable.
t* - Time to reach steady-state
B - Dimensionless ratio of the permeability coefficient of a compound through the stratum corneum relative to its permeability

Table 7.5.A.CTE Supplement 
Calculation of DAevent (Adult)

Site 47 Feasibility Study 
NDWIH, Indian Head, Maryland
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Table 7.5.CTE Supplement B
Inhalation Exposure Concentrations from Foster and Chrostowski Shower Model

Site 47 Feasibility Study - NDWIH, Indian Head, Maryland

Chemical

Exposure Point 
Concentration  Cwo  

(μg/l)
Molecular weight 

(HH) (g/mole)
Henry's Law Constant 

(H) (atm-m3/mole)
Kg (VOC) 

(cm/hr) Kl(VOC) (cm/hr) KL (cm/hr) Kal (cm/hr) Cwd (μg/l) S (μg/m3 -min)

Calculated Inhalation 
Exposure (Einh) 
(mg/kg/shower)

1,2-Dichloroethane 2.7E+00 9.90E+01 9.8E-04 1.3E+03 1.3E+01 1.1E+01 1.4E+01 1.0E+00 6.87E+00 2.1E-04
Bromochloromethane 1.8E-01 1.29E+02 1.6E-03 1.1E+03 1.2E+01 1.0E+01 1.4E+01 6.6E-02 4.38E-01 1.4E-05
Bromodichloromethane 7.0E-01 1.64E+02 1.6E-03 9.9E+02 1.0E+01 9.0E+00 1.2E+01 2.3E-01 1.55E+00 4.8E-05
Carbon tetrachloride 1.7E+00 1.54E+02 3.1E-02 1.0E+03 1.1E+01 1.1E+01 1.4E+01 6.3E-01 4.18E+00 1.3E-04
Chloroform 2.2E+00 1.19E+02 2.9E-03 1.2E+03 1.2E+01 1.1E+01 1.5E+01 8.7E-01 5.83E+00 1.8E-04
Tetrachloroethene 1.0E+01 1.66E+02 2.6E-02 9.9E+02 1.0E+01 1.0E+01 1.4E+01 3.8E+00 2.53E+01 7.9E-04
Trichloroethene 1.7E+01 1.31E+02 1.0E-02 1.1E+03 1.2E+01 1.1E+01 1.5E+01 7.0E+00 4.64E+01 1.4E-03
Vinyl chloride 1.7E+00 6.30E+01 8.2E-02 1.6E+03 1.7E+01 1.7E+01 2.3E+01 9.2E-01 6.12E+00 1.9E-04
cis-1,2-Dichloroethene 3.9E+00 9.69E+01 7.6E-03 1.3E+03 1.3E+01 1.3E+01 1.8E+01 1.7E+00 1.16E+01 3.6E-04
Naphthalene 4.4E+00 1.28E+02 4.8E-04 1.1E+03 1.2E+01 7.7E+00 1.0E+01 1.3E+00 8.59E+00 2.7E-04
bis(2-Ethylhexyl)phthalate 4.1E+00 3.10E+02 1.0E-07 7.2E+02 7.5E+00 3.1E-03 4.2E-03 5.7E-04 3.82E-03 1.2E-07

Variables Units Exposure Assumptions
Kg(VOC) = gas-film mass transfer coefficient cm/hr Solved by Eq 1
Kl(VOC) = liquid-film mass transfer coefficient cm/hr Solved by Eq 2
KL = overall mass transfer coefficient cm/hr Solved by Eq 3
Kal = adjusted overall mass transfer coeff. cm/hr Solved by Eq 4
Tl = Calibration temp. of water K (20C +273) 293
Ts = Shower water temperature k (45C) 318
Us = water viscosity at Ts centipoise 0.596
Ul = water viscosity at Tl cp 1.002
Cwd = conc. leaving droplets after time sdt μg/l Solved by Eq 5
sdt = shower droplet drop time sec 2
d =  shower droplet diameter mm 1
FR = shower water flow rate l/min 20
SV = shower room air volume m3 3
S = indoor VOC generation rate μg/m3-min Solved by Eq 6
VR = ventilation rate l/min 13.8

Variables Units Exposure Assumptions
BW = body weight kg 70
Ds = duration of shower min 12
Dt = total duration in shower room min 20
R = air exchange rate min-1 0.0083
Ca = indoor air concentration of VOCs μg/m3 Solved by Eq 7
Einh = inhalation exposure per shower mg/kg/shower Solved by Eq 8

Equation 1: Kg(VOC) = 3000 * (18 / HH)0.5

Equation 2: Kl(VOC) = 20 * (44 / HH)0.5

Equation 3: KL = ((1 / Kl(VOC)) + (0.024 / (Kg (VOC) * H))) -1

Equation 4: Kal = (KL * (((Tl * Us) / (Ts * Ul)) -0.5))
Equation 5: Cwd =  (Cwo * (1-EXP((-1 * Kal * sdt)/(60 * d))))
Equation 6: S =  (Cwd * FR / SV)
Equation 7: see time series example on Table I-GW-5
Equation 8: Einh = If t>Ds  (((VR * S) / (BW * R * 1000000)) *

       ((Ds + (EXP(-R * Dt) / R)-(EXP(R *
       (Ds - Dt))) / R)))

Henry's Law Constant from  USEPA's Superfund Public Health Evaluation Manual.   USEPA/540/1-86/060, October 1986.



TABLE 7.6.CTE

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURE

Site 47 Feasibility Study 

NDWIH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population: Resident

Receptor Age:  Child

Medium
Exposure 
Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern
Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Groundwater Groundwater Tap Water Ingestion

(minus hot spot) 1,2-Dichloroethane 2.7E+00 ug/L NA NA 9.1E-02 1/(mg/kg/day) NA 1.2E-04 mg/kg/day 2.0E-02 mg/kg/day 5.8E-03

Bromochloromethane 1.8E-01 ug/L NA NA NA NA NA 7.7E-06 mg/kg/day NA NA NA

Bromodichloromethane 7.0E-01 ug/L NA NA 6.2E-02 1/(mg/kg/day) NA 3.0E-05 mg/kg/day 2.0E-02 mg/kg/day 1.5E-03

Carbon tetrachloride 1.7E+00 ug/L NA NA 1.3E-01 1/(mg/kg/day) NA 7.1E-05 mg/kg/day 7.0E-04 mg/kg/day 1.0E-01

Chloroform 2.2E+00 ug/L NA NA NA NA NA 9.5E-05 mg/kg/day 1.0E-02 mg/kg/day 9.5E-03

Tetrachloroethene 1.0E+01 ug/L NA NA 5.4E-01 1/(mg/kg/day) NA 4.4E-04 mg/kg/day 1.0E-02 mg/kg/day 4.4E-02

Trichloroethene 1.7E+01 ug/L NA NA 1.1E-02 1/(mg/kg/day) NA 7.5E-04 mg/kg/day 6.0E-03 mg/kg/day 1.2E-01

Vinyl chloride 1.7E+00 ug/L NA NA 1.4E+00 1/(mg/kg/day) NA 7.4E-05 mg/kg/day 3.0E-03 mg/kg/day 2.5E-02

cis-1,2-Dichloroethene 3.9E+00 ug/L NA NA NA NA NA 1.7E-04 mg/kg/day 1.0E-02 mg/kg/day 1.7E-02

Naphthalene 4.4E+00 ug/L NA NA NA NA NA 1.9E-04 mg/kg/day 2.0E-02 mg/kg/day 9.4E-03

bis(2-Ethylhexyl)phthalate 4.1E+00 ug/L NA NA 1.4E-02 1/(mg/kg/day) NA 1.8E-04 mg/kg/day 2.0E-02 mg/kg/day 8.8E-03

Aluminum 1.8E+03 ug/L NA NA NA NA NA 7.7E-02 mg/kg/day 1.0E+00 mg/kg/day 7.7E-02

Arsenic 5.3E+00 ug/L NA NA 1.5E+00 1/(mg/kg/day) NA 2.3E-04 mg/kg/day 3.0E-04 mg/kg/day 7.6E-01

Barium 1.1E+02 ug/L NA NA NA NA NA 4.7E-03 mg/kg/day 7.0E-02 mg/kg/day 6.7E-02

Chromium 4.0E+00 ug/L NA NA NA NA NA 1.7E-04 mg/kg/day 3.0E-03 mg/kg/day 5.7E-02

Cyanide 1.9E+03 ug/L NA NA NA NA NA 7.9E-02 mg/kg/day 2.0E-02 mg/kg/day 4.0E+00

Iron 6.6E+03 ug/L NA NA NA NA NA 2.8E-01 mg/kg/day 3.0E-01 mg/kg/day 9.4E-01

Manganese 2.1E+02 ug/L NA NA NA NA NA 8.9E-03 mg/kg/day 2.0E-02 mg/kg/day 4.4E-01

Thallium 2.6E+00 ug/L NA NA NA NA NA 1.1E-04 mg/kg/day 7.0E-05 mg/kg/day 1.6E+00

Vanadium 1.2E+01 ug/L NA NA NA NA NA 5.0E-04 mg/kg/day 1.0E-03 mg/kg/day 5.0E-01

Exp. Route Total NA 8.8E+00



TABLE 7.6.CTE

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURE

Site 47 Feasibility Study 

NDWIH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population: Resident

Receptor Age:  Child

Medium
Exposure 
Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern
Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Dermal

Absorption 1,2-Dichloroethane 2.7E+00 ug/L NA NA 9.1E-02 1/(mg/kg/day) NA 3.1E-06 mg/kg/day 2.0E-02 mg/kg/day 1.6E-04

Bromochloromethane 1.8E-01 ug/L NA NA NA NA NA 3.5E-07 mg/kg/day NA NA NA

Bromodichloromethane 7.0E-01 ug/L NA NA 6.2E-02 1/(mg/kg/day) NA 1.4E-06 mg/kg/day 2.0E-02 mg/kg/day 6.8E-05

Carbon tetrachloride 1.7E+00 ug/L NA NA 1.3E-01 1/(mg/kg/day) NA 1.0E-05 mg/kg/day 7.0E-04 mg/kg/day 1.5E-02

Chloroform 2.2E+00 ug/L NA NA NA NA NA 4.8E-06 mg/kg/day 1.0E-02 mg/kg/day 4.8E-04

Tetrachloroethene 1.0E+01 ug/L NA NA 5.4E-01 1/(mg/kg/day) NA 1.5E-04 mg/kg/day 1.0E-02 mg/kg/day 1.5E-02

Trichloroethene 1.7E+01 ug/L NA NA 1.1E-02 1/(mg/kg/day) NA 7.1E-05 mg/kg/day 6.0E-03 mg/kg/day 1.2E-02

Vinyl chloride 1.7E+00 ug/L NA NA 1.4E+00 1/(mg/kg/day) NA 2.1E-06 mg/kg/day 3.0E-03 mg/kg/day 7.1E-04

cis-1,2-Dichloroethene 3.9E+00 ug/L NA NA NA NA NA 8.2E-06 mg/kg/day 1.0E-02 mg/kg/day 8.2E-04

Naphthalene 4.4E+00 ug/L NA NA NA NA NA 6.9E-05 mg/kg/day 2.0E-02 mg/kg/day 3.5E-03

bis(2-Ethylhexyl)phthalate 4.1E+00 ug/L NA NA 1.4E-02 1/(mg/kg/day) NA 1.5E-04 mg/kg/day 2.0E-02 mg/kg/day 7.6E-03

Aluminum 1.8E+03 ug/L NA NA NA NA NA 1.7E-04 mg/kg/day 1.0E+00 mg/kg/day 1.7E-04

Arsenic 5.3E+00 ug/L NA NA 1.5E+00 1/(mg/kg/day) NA 5.0E-07 mg/kg/day 3.0E-04 mg/kg/day 1.7E-03

Barium 1.1E+02 ug/L NA NA NA NA NA 1.0E-05 mg/kg/day 4.9E-03 mg/kg/day 2.1E-03

Chromium 4.0E+00 ug/L NA NA NA NA NA 7.4E-07 mg/kg/day 7.5E-05 mg/kg/day 9.9E-03

Cyanide 1.9E+03 ug/L NA NA NA NA NA 1.7E-04 mg/kg/day 2.0E-02 mg/kg/day 8.7E-03

Iron 6.6E+03 ug/L NA NA NA NA NA 6.2E-04 mg/kg/day 3.0E-01 mg/kg/day 2.1E-03

Manganese 2.1E+02 ug/L NA NA NA NA NA 1.9E-05 mg/kg/day 8.0E-04 mg/kg/day 2.4E-02

Thallium 2.6E+00 ug/L NA NA NA NA NA 2.4E-07 mg/kg/day 7.0E-05 mg/kg/day 3.5E-03

Vanadium 1.2E+01 ug/L NA NA NA NA NA 1.1E-06 mg/kg/day 2.6E-05 mg/kg/day 4.2E-02

Exp. Route Total NA 1.5E-01

Exposure Point Total NA 8.9E+00

Exposure Medium Total NA 8.9E+00

Groundwater Total NA 8.9E+00

Total of Receptor Risks Across All Media  NA Total of Receptor Hazards Across All Media  8.9E+00



Chemical Medium Permeability Lag Fraction Duration
of Potential EPC Coefficient Time t* Absorbed Water of Event DAevent Equation

Concern Value (Kp) B (τevent) (FA) (tevent)
 (cm/hr) (dimensionless) (hr) (hour) (dimensionless) (hr) (mg/cm2-event)

1,2-Dichloroethane 2.7E+00 4.2E-03 1.6E-02 3.8E-01 9.2E-01 1.0E+00 0.33 1.1E-08 2
Bromochloromethane 1.8E-01 4.6E-03 2.0E-02 8.8E-01 2.1E+00 1.0E+00 0.33 1.2E-09 2
Bromodichloromethane 7.0E-01 4.6E-03 2.3E-02 8.8E-01 2.1E+00 1.0E+00 0.33 4.8E-09 2
Carbon tetrachloride 1.7E+00 1.6E-02 7.6E-02 7.8E-01 1.9E+00 1.0E+00 0.33 3.7E-08 2
Chloroform 2.2E+00 6.8E-03 2.9E-02 5.0E-01 1.2E+00 1.0E+00 0.33 1.7E-08 2
Tetrachloroethene 1.0E+01 3.3E-02 1.6E-01 9.1E-01 2.2E+00 1.0E+00 0.33 5.2E-07 2
Trichloroethene 1.7E+01 1.2E-02 5.3E-02 5.8E-01 1.4E+00 1.0E+00 0.33 2.5E-07 2
Vinyl chloride 1.7E+00 5.6E-03 1.7E-02 2.4E-01 5.7E-01 1.0E+00 0.33 7.6E-09 2
cis-1,2-Dichloroethene 3.9E+00 7.7E-03 2.9E-02 3.7E-01 8.9E-01 1.0E+00 0.33 2.9E-08 2
Naphthalene 4.4E+00 4.7E-02 2.0E-01 5.6E-01 1.3E+00 1.0E+00 0.33 2.5E-07 2
bis(2-Ethylhexyl)phthalate 4.1E+00 2.5E-02 1.9E-01 1.7E+01 4.0E+01 8.0E-01 0.33 5.4E-07 2
Aluminum 1.8E+03 1.0E-03 N/A N/A N/A N/A 0.33 5.9E-07 1
Arsenic 5.3E+00 1.0E-03 N/A N/A N/A N/A 0.33 1.8E-09 1
Barium 1.1E+02 1.0E-03 N/A N/A N/A N/A 0.33 3.6E-08 1
Chromium 4.0E+00 2.0E-03 N/A N/A N/A N/A 0.33 2.6E-09 1
Cyanide 1.9E+03 1.0E-03 N/A N/A N/A N/A 0.33 6.1E-07 1
Iron 6.6E+03 1.0E-03 N/A N/A N/A N/A 0.33 2.2E-06 1
Manganese 2.1E+02 1.0E-03 N/A N/A N/A N/A 0.33 6.8E-08 1
Thallium 2.6E+00 1.0E-03 N/A N/A N/A N/A 0.33 8.7E-10 1
Vanadium 1.2E+01 1.0E-03 N/A N/A N/A N/A 0.33 3.9E-09 1

Inorganics:  DAevent (mg/cm2-event) = 
Kp x CW x tevent x 0.001 mg/ug x 0.001 l/cm3  (eq 1)

Organics:  DAevent (mg/cm2-event) = 

(Eq 2)

(Eq 3)

Notes:
Permeability constants from EPA 2001, Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental 
     Guidance for Dermal Risk Assessment - Interim).  EPA/540/R/99/005. The default value of 0.001 was assigned to inorganics not listed in this document.
NA - Not applicable.
t* - Time to reach steady-state
B - Dimensionless ratio of the permeability coefficient of a compound through the stratum corneum relative to its permeability

Table 7.6A.CTE Supplement 
Calculation of DAevent (Child)

Site 47 Feasibility Study 
NDWIH, Indian Head, Maryland
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TABLE 7.7.CTE

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURE

Site 47 Feasibility Study 

NDWIH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population: Resident

Receptor Age: Child/Adult

Medium
Exposure 
Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern
Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Groundwater Groundwater Tap Water Ingestion

(minus hot spot) 1,2-Dichloroethane 2.7E+00 ug/L 1.4E-05 mg/kg-day 9.1E-02 1/(mg/kg/day) 1.3E-06 NA NA 2.0E-02 mg/kg/day NA

Bromochloromethane 1.8E-01 ug/L 9.6E-07 mg/kg-day NA NA NA NA NA NA NA NA

Bromodichloromethane 7.0E-01 ug/L 3.7E-06 mg/kg-day 6.2E-02 1/(mg/kg/day) 2.3E-07 NA NA 2.0E-02 mg/kg/day NA

Carbon tetrachloride 1.7E+00 ug/L 8.8E-06 mg/kg-day 1.3E-01 1/(mg/kg/day) 1.1E-06 NA NA 7.0E-04 mg/kg/day NA

Chloroform 2.2E+00 ug/L 1.2E-05 mg/kg-day NA NA NA NA NA 1.0E-02 mg/kg/day NA

Tetrachloroethene 1.0E+01 ug/L 5.5E-05 mg/kg-day 5.4E-01 1/(mg/kg/day) 3.0E-05 NA NA 1.0E-02 mg/kg/day NA

Trichloroethene 1.7E+01 ug/L 9.3E-05 mg/kg-day 1.1E-02 1/(mg/kg/day) 1.0E-06 NA NA 6.0E-03 mg/kg/day NA

Vinyl chloride 1.7E+00 ug/L 9.2E-06 mg/kg-day 1.4E+00 1/(mg/kg/day) 1.3E-05 NA NA 3.0E-03 mg/kg/day NA

cis-1,2-Dichloroethene 3.9E+00 ug/L 2.1E-05 mg/kg-day NA NA NA NA NA 1.0E-02 mg/kg/day NA

Naphthalene 4.4E+00 ug/L 2.3E-05 mg/kg-day NA NA NA NA NA 2.0E-02 mg/kg/day NA

bis(2-Ethylhexyl)phthalate 4.1E+00 ug/L 2.2E-05 mg/kg-day 1.4E-02 1/(mg/kg/day) 3.1E-07 NA NA 2.0E-02 mg/kg/day NA

Aluminum 1.8E+03 ug/L 9.5E-03 mg/kg-day NA NA NA NA NA 1.0E+00 mg/kg/day NA

Arsenic 5.3E+00 ug/L 2.8E-05 mg/kg-day 1.5E+00 1/(mg/kg/day) 4.2E-05 NA NA 3.0E-04 mg/kg/day NA

Barium 1.1E+02 ug/L 5.8E-04 mg/kg-day NA NA NA NA NA 7.0E-02 mg/kg/day NA

Chromium 4.0E+00 ug/L 2.1E-05 mg/kg-day NA NA NA NA NA 3.0E-03 mg/kg/day NA

Cyanide 1.9E+03 ug/L 9.9E-03 mg/kg-day NA NA NA NA NA 2.0E-02 mg/kg/day NA

Iron 6.6E+03 ug/L 3.5E-02 mg/kg-day NA NA NA NA NA 3.0E-01 mg/kg/day NA

Manganese 2.1E+02 ug/L 1.1E-03 mg/kg-day NA NA NA NA NA 2.0E-02 mg/kg/day NA

Thallium 2.6E+00 ug/L 1.4E-05 mg/kg-day NA NA NA NA NA 7.0E-05 mg/kg/day NA

Vanadium 1.2E+01 ug/L 6.3E-05 mg/kg-day NA NA NA NA NA 1.0E-03 mg/kg/day NA

Exp. Route Total 8.9E-05 0.0E+00



TABLE 7.7.CTE

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURE

Site 47 Feasibility Study 

NDWIH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population: Resident

Receptor Age: Child/Adult

Medium
Exposure 
Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern
Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Dermal

Absorption 1,2-Dichloroethane 2.7E+00 ug/L 4.7E-07 mg/kg-day 9.1E-02 1/(mg/kg/day) 4.3E-08 NA NA 2.0E-02 mg/kg/day NA

Bromochloromethane 1.8E-01 ug/L 5.3E-08 mg/kg-day NA NA NA NA NA NA NA NA

Bromodichloromethane 7.0E-01 ug/L 2.0E-07 mg/kg-day 6.2E-02 1/(mg/kg/day) 1.3E-08 NA NA 2.0E-02 mg/kg/day NA

Carbon tetrachloride 1.7E+00 ug/L 1.6E-06 mg/kg-day 1.3E-01 1/(mg/kg/day) 2.1E-07 NA NA 7.0E-04 mg/kg/day NA

Chloroform 2.2E+00 ug/L 7.2E-07 mg/kg-day NA NA NA NA NA 1.0E-02 mg/kg/day NA

Tetrachloroethene 1.0E+01 ug/L 2.2E-05 mg/kg-day 5.4E-01 1/(mg/kg/day) 1.2E-05 NA NA 1.0E-02 mg/kg/day NA

Trichloroethene 1.7E+01 ug/L 1.1E-05 mg/kg-day 1.1E-02 1/(mg/kg/day) 1.2E-07 NA NA 6.0E-03 mg/kg/day NA

Vinyl chloride 1.7E+00 ug/L 3.2E-07 mg/kg-day 1.4E+00 1/(mg/kg/day) 4.5E-07 NA NA 3.0E-03 mg/kg/day NA

cis-1,2-Dichloroethene 3.9E+00 ug/L 1.2E-06 mg/kg-day NA NA NA NA NA 1.0E-02 mg/kg/day NA

Naphthalene 4.4E+00 ug/L 1.0E-05 mg/kg-day NA NA NA NA NA 2.0E-02 mg/kg/day NA

bis(2-Ethylhexyl)phthalate 4.1E+00 ug/L 2.3E-05 mg/kg-day 1.4E-02 1/(mg/kg/day) 3.2E-07 NA NA 2.0E-02 mg/kg/day NA

Aluminum 1.8E+03 ug/L 2.4E-05 mg/kg-day NA NA NA NA NA 1.0E+00 mg/kg/day NA

Arsenic 5.3E+00 ug/L 7.1E-08 mg/kg-day 1.5E+00 1/(mg/kg/day) 1.1E-07 NA NA 3.0E-04 mg/kg/day NA

Barium 1.1E+02 ug/L 1.5E-06 mg/kg-day NA NA NA NA NA 4.9E-03 mg/kg/day NA

Chromium 4.0E+00 ug/L 1.1E-07 mg/kg-day NA NA NA NA NA 7.5E-05 mg/kg/day NA

Cyanide 1.9E+03 ug/L 2.5E-05 mg/kg-day NA NA NA NA NA 2.0E-02 mg/kg/day NA

Iron 6.6E+03 ug/L 8.8E-05 mg/kg-day NA NA NA NA NA 3.0E-01 mg/kg/day NA

Manganese 2.1E+02 ug/L 2.8E-06 mg/kg-day NA NA NA NA NA 8.0E-04 mg/kg/day NA

Thallium 2.6E+00 ug/L 3.5E-08 mg/kg-day NA NA NA NA NA 7.0E-05 mg/kg/day NA

Vanadium 1.2E+01 ug/L 1.6E-07 mg/kg-day NA NA NA NA NA 2.6E-05 mg/kg/day NA

Exp. Route Total 1.3E-05 0.0E+00

Exposure Point Total 1.0E-04 0.0E+00



TABLE 7.7.CTE

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURE

Site 47 Feasibility Study 

NDWIH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population: Resident

Receptor Age: Child/Adult

Medium
Exposure 
Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern
Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Groundwater Groundwater
Volatilization from Water 
during Shower (minus hot 

spot area)
Inhalation

1,2-Dichloroethane 2.7E+00 ug/L 1.8E-05 mg/kg-day 9.1E-02 1/(mg/kg/day) 1.6E-06 NA NA 1.4E-03 mg/kg/day NA

Bromochloromethane 1.8E-01 ug/L 1.1E-06 mg/kg-day NA NA NA NA NA NA NA NA

Bromodichloromethane 7.0E-01 ug/L 4.0E-06 mg/kg-day NA NA NA NA NA NA NA NA

Carbon tetrachloride 1.7E+00 ug/L 1.1E-05 mg/kg-day 5.3E-02 1/(mg/kg/day) 5.7E-07 NA NA 5.7E-04 mg/kg/day NA

Chloroform 2.2E+00 ug/L 1.5E-05 mg/kg-day 8.1E-02 1/(mg/kg/day) 1.2E-06 NA NA 1.4E-02 mg/kg/day NA

Tetrachloroethene 1.0E+01 ug/L 6.5E-05 mg/kg-day 2.0E-02 1/(mg/kg/day) 1.3E-06 NA NA 1.4E-01 mg/kg/day NA

Trichloroethene 1.7E+01 ug/L 1.2E-04 mg/kg-day 6.0E-03 1/(mg/kg/day) 7.2E-07 NA NA NA NA NA

Vinyl chloride 1.7E+00 ug/L 1.6E-05 mg/kg-day 3.1E-02 1/(mg/kg/day) 4.8E-07 NA NA 2.8E-02 mg/kg/day NA

cis-1,2-Dichloroethene 3.9E+00 ug/L 3.0E-05 mg/kg-day NA NA NA NA NA NA NA NA

Naphthalene 4.4E+00 ug/L 2.2E-05 mg/kg-day NA NA NA NA NA 9.0E-04 mg/kg/day NA

bis(2-Ethylhexyl)phthalate 4.1E+00 ug/L 9.8E-09 mg/kg-day 1.4E-02 1/(mg/kg/day) 1.4E-10 NA NA NA NA NA

Exp. Route Total 5.9E-06 0.0E+00

Exposure Point Total 5.9E-06 0.0E+00

Exposure Medium Total 5.9E-06 0.0E+00

Groundwater Total 1.1E-04 0.0E+00

Total of Receptor Risks Across All Media  1.1E-04 Total of Receptor Hazards Across All Media  0.0E+00



TABLE 7.8.CTE

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURE

Site 47 Feasibility Study 

NDWIH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population: Construction Worker

Receptor Age: Adult

Medium
Exposure 
Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern
Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Groundwater Groundwater Tap Water Dermal

(minus hot spot) Absorption 1,2-Dichloroethane 2.7E+00 ug/L 2.2E-08 mg/kg-day 9.1E-02 1/(mg/kg/day) 2.0E-09 1.6E-06 mg/kg-day 2.0E-02 mg/kg/day 7.9E-05

Bromochloromethane 1.8E-01 ug/L 2.0E-09 mg/kg-day NA NA NA 1.4E-07 mg/kg-day NA NA NA

Bromodichloromethane 7.0E-01 ug/L 7.7E-09 mg/kg-day 6.2E-02 1/(mg/kg/day) 4.8E-10 5.4E-07 mg/kg-day 2.0E-02 mg/kg/day 2.7E-05

Carbon tetrachloride 1.7E+00 ug/L 6.0E-08 mg/kg-day 1.3E-01 1/(mg/kg/day) 7.8E-09 4.2E-06 mg/kg-day 7.0E-04 mg/kg/day 6.0E-03

Chloroform 2.2E+00 ug/L 3.1E-08 mg/kg-day NA NA NA 2.2E-06 mg/kg-day 1.0E-02 mg/kg/day 2.2E-04

Tetrachloroethene 1.0E+01 ug/L 7.9E-07 mg/kg-day 5.4E-01 1/(mg/kg/day) 4.3E-07 5.5E-05 mg/kg-day 1.0E-02 mg/kg/day 5.5E-03

Trichloroethene 1.7E+01 ug/L 4.4E-07 mg/kg-day 1.1E-02 1/(mg/kg/day) 4.8E-09 3.1E-05 mg/kg-day 6.0E-03 mg/kg/day 5.1E-03

Vinyl chloride 1.7E+00 ug/L 1.8E-08 mg/kg-day 7.2E-01 1/(mg/kg/day) 1.3E-08 1.3E-06 mg/kg-day 3.0E-03 mg/kg/day 4.2E-04

cis-1,2-Dichloroethene 3.9E+00 ug/L 5.9E-08 mg/kg-day NA NA NA 4.1E-06 mg/kg-day 1.0E-02 mg/kg/day 4.1E-04

Naphthalene 4.4E+00 ug/L 4.0E-07 mg/kg-day NA NA NA 2.8E-05 mg/kg-day 2.0E-02 mg/kg/day 1.4E-03

bis(2-Ethylhexyl)phthalate 4.1E+00 ug/L 7.8E-07 mg/kg-day 1.4E-02 1/(mg/kg/day) 1.1E-08 5.5E-05 mg/kg-day 2.0E-02 mg/kg/day 2.7E-03

Aluminum 1.8E+03 ug/L 3.0E-06 mg/kg-day NA NA NA 2.1E-04 mg/kg-day 1.0E+00 mg/kg/day 2.1E-04

Arsenic 5.3E+00 ug/L 8.9E-09 mg/kg-day 1.5E+00 1/(mg/kg/day) 1.3E-08 6.3E-07 mg/kg-day 3.0E-04 mg/kg/day 2.1E-03

Barium 1.1E+02 ug/L 1.8E-07 mg/kg-day NA NA NA 1.3E-05 mg/kg-day 4.9E-03 mg/kg/day 2.6E-03

Chromium 4.0E+00 ug/L 1.3E-08 mg/kg-day NA NA NA 9.3E-07 mg/kg-day 5.0E-04 mg/kg/day 1.9E-03

Cyanide 1.9E+03 ug/L 3.1E-06 mg/kg-day NA NA NA 2.2E-04 mg/kg-day 2.0E-02 mg/kg/day 1.1E-02

Iron 6.6E+03 ug/L 1.1E-05 mg/kg-day NA NA NA 7.8E-04 mg/kg-day 3.0E-01 mg/kg/day 2.6E-03

Manganese 2.1E+02 ug/L 3.5E-07 mg/kg-day NA NA NA 2.4E-05 mg/kg-day 8.0E-04 mg/kg/day 3.0E-02

Thallium 2.6E+00 ug/L 4.4E-09 mg/kg-day NA NA NA 3.1E-07 mg/kg-day 7.0E-05 mg/kg/day 4.4E-03

Vanadium 1.2E+01 ug/L 2.0E-08 mg/kg-day NA NA NA 1.4E-06 mg/kg-day 1.8E-04 mg/kg/day 7.6E-03

Exp. Route Total 4.8E-07 8.5E-02

Exposure Point Total 4.8E-07 8.5E-02



TABLE 7.8.CTE

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURE

Site 47 Feasibility Study 

NDWIH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population: Construction Worker

Receptor Age: Adult

Medium
Exposure 
Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern
Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Groundwater Groundwater
Volatilization from Water 
in excavation pit (minus 

hot spot area)
Inhalation

1,2-Dichloroethane 2.7E+00 ug/L 4.8E-08 mg/kg-day 9.1E-02 1/(mg/kg/day) 4.4E-09 3.4E-05 mg/kg-day 1.4E-03 mg/kg/day 2.4E-02

Bromochloromethane 1.8E-01 ug/L 3.0E-09 mg/kg-day NA NA NA 2.1E-06 mg/kg-day NA NA NA

Bromodichloromethane 7.0E-01 ug/L 1.1E-08 mg/kg-day NA NA NA 7.8E-06 mg/kg-day NA NA NA

Carbon tetrachloride 1.7E+00 ug/L 2.7E-08 mg/kg-day 5.3E-02 1/(mg/kg/day) 1.4E-09 1.9E-05 mg/kg-day 5.7E-04 mg/kg/day 3.3E-02

Chloroform 2.2E+00 ug/L 3.8E-08 mg/kg-day 8.1E-02 1/(mg/kg/day) 3.1E-09 2.7E-05 mg/kg-day 1.4E-02 mg/kg/day 1.9E-03

Tetrachloroethene 1.0E+01 ug/L 1.7E-07 mg/kg-day 2.0E-02 1/(mg/kg/day) 3.3E-09 1.2E-04 mg/kg-day 1.4E-01 mg/kg/day 8.3E-04

Trichloroethene 1.7E+01 ug/L 3.0E-07 mg/kg-day 6.0E-03 1/(mg/kg/day) 1.8E-09 2.1E-04 mg/kg-day NA NA NA

Vinyl chloride 1.7E+00 ug/L 3.6E-08 mg/kg-day 1.5E-02 1/(mg/kg/day) 5.3E-10 2.5E-05 mg/kg-day 2.8E-02 mg/kg/day 8.9E-04

cis-1,2-Dichloroethene 3.9E+00 ug/L 7.1E-08 mg/kg-day NA NA NA 5.0E-05 mg/kg-day NA NA NA

Naphthalene 4.4E+00 ug/L 6.9E-08 mg/kg-day NA NA NA 4.8E-05 mg/kg-day 9.0E-04 mg/kg/day 5.4E-02

bis(2-Ethylhexyl)phthalate 4.1E+00 ug/L 3.6E-10 mg/kg-day 1.4E-02 1/(mg/kg/day) 5.0E-12 2.5E-07 mg/kg-day NA NA NA

Exp. Route Total 1.5E-08 1.1E-01

Exposure Point Total 1.5E-08 1.1E-01

Exposure Medium Total 1.5E-08 1.1E-01

Groundwater Total 5.0E-07 2.0E-01

Total of Receptor Risks Across All Media  5.0E-07 Total of Receptor Hazards Across All Media  2.0E-01

     Subchronic RfD value used if available.  Chronic value used if no subchronic value available.



Chemical Medium Permeability Lag Fraction Duration
of Potential EPC Coefficient Time t* Absorbed Water of Event DAevent Equation

Concern Value (Kp) B (τevent) (FA) (tevent)
 (cm/hr) (dimensionless) (hr) (hour) (dimensionless) (hr) (mg/cm2-event)

1,2-Dichloroethane 2.7E+00 4.2E-03 1.6E-02 3.8E-01 9.2E-01 1.0E+00 4 5.4E-08 3
Bromochloromethane 1.8E-01 4.6E-03 2.0E-02 8.8E-01 2.1E+00 1.0E+00 4 4.7E-09 3
Bromodichloromethane 7.0E-01 4.6E-03 2.3E-02 8.8E-01 2.1E+00 1.0E+00 4 1.8E-08 3
Carbon tetrachloride 1.7E+00 1.6E-02 7.6E-02 7.8E-01 1.9E+00 1.0E+00 4 1.4E-07 3
Chloroform 2.2E+00 6.8E-03 2.9E-02 5.0E-01 1.2E+00 1.0E+00 4 7.4E-08 3
Tetrachloroethene 1.0E+01 3.3E-02 1.6E-01 9.1E-01 2.2E+00 1.0E+00 4 1.9E-06 3
Trichloroethene 1.7E+01 1.2E-02 5.3E-02 5.8E-01 1.4E+00 1.0E+00 4 1.1E-06 3
Vinyl chloride 1.7E+00 5.6E-03 1.7E-02 2.4E-01 5.7E-01 1.0E+00 4 4.3E-08 3
cis-1,2-Dichloroethene 3.9E+00 7.7E-03 2.9E-02 3.7E-01 8.9E-01 1.0E+00 4 1.4E-07 3
Naphthalene 4.4E+00 4.7E-02 2.0E-01 5.6E-01 1.3E+00 1.0E+00 4 9.6E-07 3
bis(2-Ethylhexyl)phthalate 4.1E+00 2.5E-02 1.9E-01 1.7E+01 4.0E+01 8.0E-01 4 1.9E-06 2
Aluminum 1.8E+03 1.0E-03 N/A N/A N/A N/A 4 7.2E-06 1
Arsenic 5.3E+00 1.0E-03 N/A N/A N/A N/A 4 2.1E-08 1
Barium 1.1E+02 1.0E-03 N/A N/A N/A N/A 4 4.4E-07 1
Chromium 4.0E+00 2.0E-03 N/A N/A N/A N/A 4 3.2E-08 1
Cyanide 1.9E+03 1.0E-03 N/A N/A N/A N/A 4 7.4E-06 1
Iron 6.6E+03 1.0E-03 N/A N/A N/A N/A 4 2.7E-05 1
Manganese 2.1E+02 1.0E-03 N/A N/A N/A N/A 4 8.3E-07 1
Thallium 2.6E+00 1.0E-03 N/A N/A N/A N/A 4 1.1E-08 1
Vanadium 1.2E+01 1.0E-03 N/A N/A N/A N/A 4 4.7E-08 1

Inorganics:  DAevent (mg/cm2-event) = 
Kp x CW x tevent x 0.001 mg/ug x 0.001 l/cm3  (eq 1)

Organics:  DAevent (mg/cm2-event) = 

(Eq 2)

(Eq 3)

Notes:
Permeability constants from EPA 2001, Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental 
     Guidance for Dermal Risk Assessment - Interim).  EPA/540/R/99/005. The default value of 0.001 was assigned to inorganics not listed in this document.
NA - Not applicable.
t* - Time to reach steady-state
B - Dimensionless ratio of the permeability coefficient of a compound through the stratum corneum relative to its permeability

Table 7.8.A.CTE Supplement 
Calculation of DAevent (Construction Worker)

Site 47 Feasibility Study 
NDWIH, Indian Head, Maryland
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Table 7.8.B.CTE Supplement
Inhalation of Volatiles from Groundwater During Construction

Inhalation Exposure Concentrations Calculated Using a Two-Film Volatilization Model
Future Construction Worker Senario

Site 47 Feasibility Study
NDWIH, Indian Head, Maryland

Chemical Cw MW KH kl kg Kv ER ERa Ca
(μg/L) (mol/gram) (unitless) (cm/hr) (cm/hr) (cm/hr) (mg/hr-cm2) (g/sec-m2) (mg/m3)

1,2-Dichloroethane 2.71E+00 9.90E+01 4.82E-02 3.32E+00 2.01E+03 3.21E+00 8.70E-06 2.42E-08 6.86E-04
Bromochloromethane 1.80E-01 1.29E+02 5.97E-02 3.10E+00 1.88E+03 3.02E+00 5.44E-07 1.51E-09 4.29E-05
Bromodichloromethane 7.00E-01 1.64E+02 8.67E-02 2.93E+00 1.77E+03 2.87E+00 2.01E-06 5.58E-09 1.58E-04
Carbon tetrachloride 1.65E+00 1.54E+02 1.13E+00 2.97E+00 1.80E+03 2.97E+00 4.90E-06 1.36E-08 3.86E-04
Chloroform 2.21E+00 1.19E+02 1.50E-01 3.17E+00 1.92E+03 3.13E+00 6.93E-06 1.93E-08 5.47E-04
Tetrachloroethene 1.03E+01 1.66E+02 7.24E-01 2.92E+00 1.77E+03 2.91E+00 3.00E-05 8.34E-08 2.37E-03
Trichloroethene 1.74E+01 1.31E+02 4.22E-01 3.09E+00 1.88E+03 3.08E+00 5.38E-05 1.49E-07 4.24E-03
Vinyl chloride 1.74E+00 6.25E+01 1.14E+00 3.72E+00 2.26E+03 3.72E+00 6.46E-06 1.80E-08 5.10E-04
cis-1,2-Dichloroethene 3.92E+00 9.69E+01 1.67E-01 3.34E+00 2.02E+03 3.30E+00 1.29E-05 3.60E-08 1.02E-03
Naphthalene 4.39E+00 1.28E+02 1.80E-02 3.11E+00 1.89E+03 2.85E+00 1.25E-05 3.47E-08 9.86E-04
bis(2-Ethylhexyl)phthalate 4.14E+00 3.91E+02 1.10E-05 2.35E+00 1.43E+03 1.56E-02 6.45E-08 1.79E-10 5.09E-06

Equations
Equation 1 Kv= 1/(1/kl + 1/KH*Kg)
Equation 2 kg = 700(18/MW)1/4V

Equation 3 kl = (32/MW)1/4Ka'

Equation 4 ER = Kv * Cw * L/1000 cm3 * mg/1000 μg
Equation 5 ERa = ER * g/1000 mg * hr/60 min * min/60 sec * 10000cm2/m2

Variables Units Exposure Assumptions
Cw = groundwater concentration (μg/L) chem-specific
MW = molecular weight (mol/gram) chem-specific
KH - Henry's Law Constant (unitless) chem-specific
Kv = volatilization rate (cm/hr) Solved by Eq 1
kg = gas phase transfer coefficient (cm/hr) Solved by Eq 2
kl = liquid phase transfer coefficient (cm/hr) Solved by Eq 3
V = wind speed (m/s) 4.4
Ka' = aeration rate (cm/hr) 0.0633
ER = emission rate (mg/hr) Solved by Eq 4
A = area of excavation (utility ditch) (m2) 2,700
Era = area emission rate (g/sec-m2) Solved by Eq 5
Ca = air concentration (mg/m3) Solved using SCREEN3 model
Note:  aeration rate based on aeration rate for small pond (0.1/day) multiplied by depth of water



TABLE 9.1.RME

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE

Site 47 Feasibility Study 

NSF-IH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population:  Resident

Receptor Age:  Adult

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure 

Routes Total Target Organ(s) Routes Total

Groundwater Groundwater Upper Aquifer - Tap 
Water 1,1,2,2-Tetrachloroethane NA NA NA NA Liver, Kidney 3.7E-03 NA 4.6E-04 4.1E-03

1,1,2-Trichloroethane NA NA NA NA Blood 6.8E-03 NA 6.4E-04 7.5E-03

1,2-Dichloroethane NA NA NA NA Liver 8.4E-02 NA 4.1E-03 8.8E-02

Benzene NA NA NA NA Blood, Immune 3.4E-02 NA 5.2E-03 3.9E-02

Bromochloromethane NA NA NA NA NA NA NA NA 0.0E+00

Bromodichloromethane NA NA NA NA Kidney 1.4E-03 NA 1.1E-04 1.5E-03

Carbon disulfide NA NA NA NA Fetus 2.6E-01 NA 4.5E-02 3.0E-01

Carbon tetrachloride NA NA NA NA Liver 1.4E+03 NA 3.7E+02 1.7E+03

Chloroform NA NA NA NA Liver 2.5E+01 NA 2.3E+00 2.7E+01

Tetrachloroethene NA NA NA NA Liver, Whole body 2.0E+00 NA 1.2E+00 3.1E+00

Trichloroethene NA NA NA NA Liver 9.6E-01 NA 1.7E-01 1.1E+00

Vinyl chloride NA NA NA NA Liver 1.8E-02 NA 9.7E-04 1.9E-02

cis-1,2-Dichloroethene NA NA NA NA Blood 3.3E-01 NA 2.9E-02 3.6E-01

trans-1,2-Dichloroethene NA NA NA NA Blood 2.2E-02 NA 1.9E-03 2.4E-02

Naphthalene NA NA NA NA Decreased Body Weight 7.1E-03 NA 4.7E-03 1.2E-02

bis(2-Ethylhexyl)phthalate NA NA NA NA Liver 7.0E-03 NA 1.1E-02 1.8E-02

Aluminum NA NA NA NA Neurological 1.2E-01 NA 6.1E-04 1.2E-01

Arsenic NA NA NA NA Skin, Vascular 1.1E+01 NA 5.9E-02 1.1E+01

Barium NA NA NA NA Kidney 7.1E-02 NA 5.3E-03 7.6E-02

Beryllium NA NA NA NA Gastrointestinal 3.2E-02 NA 2.4E-02 5.5E-02

Cadmium NA NA NA NA Kidney 7.9E-02 NA 8.3E-03 8.7E-02

Chromium NA NA NA NA Not identified 1.2E-01 NA 5.1E-02 1.7E-01

Cobalt NA NA NA NA Blood 8.4E-02 NA 1.8E-04 8.5E-02

Cyanide NA NA NA NA Whole body 3.2E+01 NA 1.7E-01 3.2E+01

Iron NA NA NA NA Gastrointestinal, Blood, Liver 1.8E+00 NA 9.6E-03 1.8E+00

Lead NA NA NA NA NA NA NA NA 0.0E+00

Manganese NA NA NA NA CNS 3.6E-01 NA 4.8E-02 4.1E-01

Nickel NA NA NA NA Decreased Body Weight 6.3E-02 NA 1.7E-03 6.5E-02

Thallium NA NA NA NA Liver, Blood, Hair 2.0E+00 NA 1.0E-02 2.0E+00

Vanadium NA NA NA NA Kidney 2.8E+00 NA 5.6E-01 3.3E+00

Chemical Total N/A N/A N/A N/A 1.4E+03 0.0E+00 3.7E+02 1.8E+03
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TABLE 9.1.RME

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE

Site 47 Feasibility Study 

NSF-IH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population:  Resident

Receptor Age:  Adult

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure 

Routes Total Target Organ(s) Routes Total

Groundwater Groundwater Upper Aquifer- Water 
Vapors at showerhead 1,1,2,2-Tetrachloroethane NA NA NA NA NA NA 4.6E-04 NA 4.6E-04

1,1,2-Trichloroethane NA NA NA NA NA NA 6.4E-04 NA 6.4E-04

1,2-Dichloroethane NA NA NA NA Liver, Kidney NA 4.1E-03 NA 4.1E-03

Benzene NA NA NA NA Blood, Immune NA 5.2E-03 NA 5.2E-03

Bromochloromethane NA NA NA NA NA NA NA NA NA

Bromodichloromethane NA NA NA NA NA NA 1.1E-04 NA 1.1E-04

Carbon disulfide NA NA NA NA Nervous System NA 4.5E-02 NA 4.5E-02

Carbon tetrachloride NA NA NA NA Liver NA 3.7E+02 NA 3.7E+02

Chloroform NA NA NA NA Liver NA 2.3E+00 NA 2.3E+00

Tetrachloroethene NA NA NA NA Kidney, Liver NA 1.2E+00 NA 1.2E+00

Trichloroethene NA NA NA NA NA NA 1.7E-01 NA 1.7E-01

Vinyl chloride NA NA NA NA Liver NA 9.7E-04 NA 9.7E-04

cis-1,2-Dichloroethene NA NA NA NA NA NA 2.9E-02 NA 2.9E-02

trans-1,2-Dichloroethene NA NA NA NA NA NA 1.9E-03 NA 1.9E-03

Naphthalene NA NA NA NA Respiratory System NA 4.7E-03 NA 4.7E-03

bis(2-Ethylhexyl)phthalate NA NA NA NA NA NA 1.1E-02 NA 1.1E-02

Chemical Total NA NA 3.7E+02 NA 3.7E+02

Medium Total NA 3.7E+02

Receptor Total NA Receptor HI Total  2.2E+03

Total Kidney HI Across All Media = 4.7E+00

Total Liver HI Across All Media = 2.1E+03

Total Blood HI Across All Media = 4.4E+00

 Total Nervous System HI Across All Media = 5.7E-01

Total Gastrointestinal HI Across All Media = 1.9E+00

Total Vascular HI Across All Media = 1.1E+01

Total Skin HI Across All Media = 1.1E+01

Total "Not identified" HI Across All Media = 3.8E-01

Total Decreased Body Weight HI Across All Media = 7.7E-02

Total Whole Body HI Across All Media = 3.5E+01

Total Hair HI Across All Media = 2.0E+00

Total Fetus HI Across All Media = 3.0E-01

Total Respiratory System HI Across All Media = 4.7E-03

Total Immune System HI Across All Media = 4.5E-02
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TABLE 9.2.RME

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE

Site 47 Feasibility Study 

NSF-IH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population:  Resident

Receptor Age:  Child

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure 

Routes Total Target Organ(s) Routes Total

Groundwater Groundwater Upper Aquifer - Tap 
Water 1,1,2,2-Tetrachloroethane NA NA NA NA Liver, Kidney 8.5E-03 NA 1.0E-03 9.6E-03

1,1,2-Trichloroethane NA NA NA NA Blood 1.6E-02 NA 1.4E-03 1.7E-02

1,2-Dichloroethane NA NA NA NA Liver 1.9E-01 NA 9.5E-03 2.0E-01

Benzene NA NA NA NA Blood, Immune 8.0E-02 NA 1.2E-02 9.2E-02

Bromochloromethane NA NA NA NA NA NA NA NA 0.0E+00

Bromodichloromethane NA NA NA NA Kidney 3.2E-03 NA 2.5E-04 3.4E-03

Carbon disulfide NA NA NA NA Fetus 6.0E-01 NA 1.1E-01 7.1E-01

Carbon tetrachloride NA NA NA NA Liver 3.2E+03 NA 8.2E+02 4.0E+03

Chloroform NA NA NA NA Liver 5.9E+01 NA 5.2E+00 6.4E+01

Tetrachloroethene NA NA NA NA Liver, Whole body 4.6E+00 NA 2.6E+00 7.2E+00

Trichloroethene NA NA NA NA Liver 2.2E+00 NA 3.7E-01 2.6E+00

Vinyl chloride NA NA NA NA Liver 4.3E-02 NA 2.3E-03 4.5E-02

cis-1,2-Dichloroethene NA NA NA NA Blood 7.7E-01 NA 6.8E-02 8.3E-01

trans-1,2-Dichloroethene NA NA NA NA Blood 5.1E-02 NA 4.5E-03 5.6E-02

Naphthalene NA NA NA NA Decreased Body Weight 1.7E-02 NA 1.1E-02 2.7E-02

bis(2-Ethylhexyl)phthalate NA NA NA NA Liver 1.6E-02 NA 2.4E-02 4.1E-02

Aluminum NA NA NA NA Neurological 2.7E-01 NA 1.8E-03 2.8E-01

Arsenic NA NA NA NA Skin, Vascular 2.6E+01 NA 1.7E-01 2.7E+01

Barium NA NA NA NA Kidney 1.7E-01 NA 1.6E-02 1.8E-01

Beryllium NA NA NA NA Gastrointestinal 7.4E-02 NA 7.0E-02 1.4E-01

Cadmium NA NA NA NA Kidney 1.8E-01 NA 2.4E-02 2.1E-01

Chromium NA NA NA NA Not identified 2.9E-01 NA 1.5E-01 4.4E-01

Cobalt NA NA NA NA Blood 2.0E-01 NA 5.2E-04 2.0E-01

Cyanide NA NA NA NA Whole body 7.4E+01 NA 4.9E-01 7.5E+01

Iron NA NA NA NA Gastrointestinal, Blood, Liver 4.3E+00 NA 2.8E-02 4.3E+00

Lead NA NA NA NA NA NA NA NA 0.0E+00

Manganese NA NA NA NA CNS 8.5E-01 NA 1.4E-01 9.9E-01

Nickel NA NA NA NA Decreased Body Weight 1.5E-01 NA 4.9E-03 1.5E-01

Thallium NA NA NA NA Liver, Blood, Hair 4.7E+00 NA 3.1E-02 4.7E+00

Vanadium NA NA NA NA Kidney 6.5E+00 NA 1.6E+00 8.1E+00

Chemical Total N/A N/A N/A N/A 3.4E+03 0.0E+00 8.3E+02 4.2E+03

Medium Total NA 4.2E+03

Receptor Total NA Receptor HI Total  4.2E+03
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TABLE 9.2.RME

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE

Site 47 Feasibility Study 

NSF-IH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population:  Resident

Receptor Age:  Child

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure 

Routes Total Target Organ(s) Routes Total

Total Kidney HI Across All Media = 8.5E+00

Total Liver HI Across All Media = 4.1E+03

Total Blood HI Across All Media = 1.0E+01

 Total Nervous System HI Across All Media = 1.3E+00

Total Gastrointestinal HI Across All Media = 4.5E+00

Total Vascular HI Across All Media = 2.7E+01

Total Skin HI Across All Media = 2.7E+01

Total "Not identified" HI Across All Media = 4.4E-01

Total Decreased Body Weight HI Across All Media = 1.8E-01

Total Whole Body HI Across All Media = 8.2E+01

Total Hair HI Across All Media = 4.7E+00

Total Fetus HI Across All Media = 7.1E-01

Total Immune System HI Across All Media = 9.2E-02

Page 4 of 32



TABLE 9.3.RME

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE

Site 47 Feasibility Study 

NSF-IH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population:  Resident

Receptor Age:  Adult/Child

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure 

Routes Total Target Organ(s) Routes Total

Groundwater Groundwater Upper Aquifer - Tap 
Water 1,1,2,2-Tetrachloroethane 2.4E-05 NA 3.0E-06 2.7E-05 Liver, Kidney NA NA NA NA

1,1,2-Trichloroethane 8.5E-07 NA 7.9E-08 9.3E-07 Blood NA NA NA NA
1,2-Dichloroethane 8.3E-05 NA 4.0E-06 8.7E-05 Liver NA NA NA NA

Benzene 4.1E-06 NA 6.3E-07 4.7E-06 Blood, Immune NA NA NA NA
Bromochloromethane NA NA NA 0.0E+00 NA NA NA NA NA

Bromodichloromethane 9.3E-07 NA 7.4E-08 1.0E-06 Kidney NA NA NA NA
Carbon disulfide NA NA NA 0.0E+00 Fetus NA NA NA NA

Carbon tetrachloride 6.5E-02 NA 1.8E-02 8.3E-02 Liver NA NA NA NA
Chloroform NA NA NA 0.0E+00 Liver NA NA NA NA

Tetrachloroethene 5.8E-03 NA 3.4E-03 9.2E-03 Liver, Whole body NA NA NA NA
Trichloroethene 3.4E-05 NA 5.9E-06 4.0E-05 Liver NA NA NA NA
Vinyl chloride 4.2E-05 NA 2.2E-06 4.4E-05 Liver NA NA NA NA

cis-1,2-Dichloroethene NA NA NA 0.0E+00 Blood NA NA NA NA
trans-1,2-Dichloroethene NA NA NA 0.0E+00 Blood NA NA NA NA

Naphthalene NA NA NA 0.0E+00 Decreased Body Weight NA NA NA NA
bis(2-Ethylhexyl)phthalate 1.1E-06 NA 1.6E-06 2.7E-06 Liver NA NA NA NA

Aluminum NA NA NA 0.0E+00 Neurological NA NA NA NA
Arsenic 2.8E-03 NA 1.6E-05 2.8E-03 Skin, Vascular NA NA NA NA
Barium NA NA NA 0.0E+00 Kidney NA NA NA NA

Beryllium NA NA NA 0.0E+00 Gastrointestinal NA NA NA NA
Cadmium NA NA NA 0.0E+00 Kidney NA NA NA NA
Chromium NA NA NA 0.0E+00 Not identified NA NA NA NA

Cobalt NA NA NA 0.0E+00 Blood NA NA NA NA
Cyanide NA NA NA 0.0E+00 Whole body NA NA NA NA

Iron NA NA NA 0.0E+00 Gastrointestinal, Blood, Liver NA NA NA NA
Lead NA NA NA 0.0E+00 NA NA NA NA NA

Manganese NA NA NA 0.0E+00 CNS NA NA NA NA
Nickel NA NA NA 0.0E+00 Decreased Body Weight NA NA NA NA

Thallium NA NA NA 0.0E+00 Liver, Blood, Hair NA NA NA NA
Vanadium NA NA NA 0.0E+00 Kidney NA NA NA NA

Chemical Total 7.4E-02 N/A 2.1E-02 9.5E-02 N/A N/A N/A N/A
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TABLE 9.3.RME

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE

Site 47 Feasibility Study 

NSF-IH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population:  Resident

Receptor Age:  Adult/Child

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure 

Routes Total Target Organ(s) Routes Total

Groundwater Groundwater Upper Aquifer- Water 
Vapors at showerhead 1,1,2,2-Tetrachloroethane NA 2.6E-05 NA 2.6E-05 NA NA NA NA

NA
1,1,2-Trichloroethane NA 1.3E-06 NA 1.3E-06 NA NA NA NA NA
1,2-Dichloroethane NA 1.4E-04 NA 1.4E-04 Liver, Kidney NA NA NA NA

Benzene NA 4.4E-06 NA 4.4E-06 Blood, Immune NA NA NA NA
Bromochloromethane NA NA NA 0.0E+00 NA NA NA NA NA

Bromodichloromethane NA NA NA 0.0E+00 NA NA NA NA NA
Carbon disulfide NA NA NA 0.0E+00 Nervous System NA NA NA NA

Carbon tetrachloride NA 4.7E-02 NA 4.7E-02 Liver NA NA NA NA
Chloroform NA 2.0E-02 NA 2.0E-02 Liver NA NA NA NA

Tetrachloroethene NA 3.6E-04 NA 3.6E-04 Kidney, Liver NA NA NA NA
Trichloroethene NA 3.4E-05 NA 3.4E-05 NA NA NA NA NA
Vinyl chloride NA 2.2E-06 NA 2.2E-06 Liver NA NA NA NA

cis-1,2-Dichloroethene NA NA NA 0.0E+00 NA NA NA NA NA
trans-1,2-Dichloroethene NA NA NA 0.0E+00 NA NA NA NA NA

Naphthalene NA NA NA 0.0E+00 Respiratory System NA NA NA NA

bis(2-Ethylhexyl)phthalate NA 6.7E-10 NA 6.7E-10 NA NA NA NA NA

Chemical Total NA 6.7E-02 NA 6.7E-02 NA NA NA NA

Medium Total 1.6E-01 NA

Receptor Total 1.6E-01 NA
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TABLE 9.4.RME

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE

Site 47 Feasibility Study 

NSF-IH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population:  Construction Worker

Receptor Age:  Adult

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure 

Routes Total Target Organ(s) Routes Total

Groundwater Groundwater Upper Aquifer - Water in 
Excavation Pit 1,1,2,2-Tetrachloroethane NA NA 4.5E-08 4.5E-08 Liver, Kidney NA NA 2.6E-04 2.6E-04

1,1,2-Trichloroethane NA NA 1.4E-09 1.4E-09 Blood NA NA 4.2E-05 4.2E-05

1,2-Dichloroethane NA NA 8.5E-08 8.5E-08 Liver NA NA 3.3E-03 3.3E-03

Benzene NA NA 1.4E-08 1.4E-08 Blood NA NA 6.0E-03 6.0E-03

Bromochloromethane NA NA NA NA NA NA NA NA 0.0E+00

Bromodichloromethane NA NA 1.2E-09 1.2E-09 Kidney NA NA 6.5E-05 6.5E-05

Carbon disulfide NA NA NA NA Fetus NA NA 3.8E-02 3.8E-02

Carbon tetrachloride NA NA 2.8E-04 2.8E-04 Liver NA NA 2.1E+02 2.1E+02

Chloroform NA NA NA NA Liver NA NA 1.6E+00 1.6E+00

Tetrachloroethene NA NA 4.8E-05 4.8E-05 Liver, Whole body NA NA 6.2E-02 6.2E-02

Trichloroethene NA NA 1.0E-07 1.0E-07 Liver NA NA 1.1E-01 1.1E-01

Vinyl chloride NA NA 2.8E-08 2.8E-08 Liver NA NA 9.2E-04 9.2E-04

cis-1,2-Dichloroethene NA NA NA NA Blood NA NA 2.3E-03 2.3E-03

trans-1,2-Dichloroethene NA NA NA NA Blood NA NA 1.5E-04 1.5E-04

Naphthalene NA NA NA NA Decreased Body Weight NA NA 2.9E-03 2.9E-03

bis(2-Ethylhexyl)phthalate NA NA 1.9E-08 1.9E-08 Reproductive NA NA 4.8E-03 4.8E-03

Aluminum NA NA NA NA Neurological NA NA 1.0E-03 1.0E-03

Arsenic NA NA 6.2E-07 6.2E-07 Skin, Vascular NA NA 9.7E-02 9.7E-02

Barium NA NA NA NA Cardiovascular NA NA 8.7E-03 8.7E-03

Beryllium NA NA NA NA Gastrointestinal NA NA 1.6E-02 1.6E-02

Cadmium NA NA NA NA Kidney NA NA 1.4E-02 1.4E-02

Chromium NA NA NA NA Not identified NA NA 1.3E-02 1.3E-02

Cobalt NA NA NA NA Blood NA NA 2.9E-04 2.9E-04

Cyanide NA NA NA NA Whole body NA NA 2.7E-01 2.7E-01

Iron NA NA NA NA Gastrointestinal, Blood, Liver NA NA 1.6E-02 1.6E-02

Lead NA NA NA NA NA NA NA NA 0.0E+00

Manganese NA NA NA NA CNS NA NA 7.8E-02 7.8E-02

Nickel NA NA NA NA Whole body NA NA 2.7E-03 2.7E-03

Thallium NA NA NA NA Liver, Blood, Hair NA NA 1.7E-02 1.7E-02

Vanadium NA NA NA NA Kidney NA NA 1.3E-01 1.3E-01

Chemical Total N/A N/A 3.3E-04 3.3E-04 0.0E+00 0.0E+00 2.2E+02 2.2E+02
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TABLE 9.4.RME

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE

Site 47 Feasibility Study 

NSF-IH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population:  Construction Worker

Receptor Age:  Adult

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure 

Routes Total Target Organ(s) Routes Total

Groundwater Groundwater Upper Aquifer- Water 
Vapors at showerhead 1,1,2,2-Tetrachloroethane NA 7.4E-09 NA 7.4E-09 NA NA NA NA 0.0E+00

1,1,2-Trichloroethane NA 2.7E-10 NA 2.7E-10 NA NA NA NA 0.0E+00

1,2-Dichloroethane NA 2.9E-08 NA 2.9E-08 Liver, Kidney NA 1.6E-02 NA 1.6E-02

Benzene NA 7.5E-10 NA 7.5E-10 Blood NA 1.1E-04 NA 1.1E-04

Bromochloromethane NA NA NA NA NA NA NA NA 0.0E+00

Bromodichloromethane NA NA NA NA NA NA NA NA 0.0E+00

Carbon disulfide NA NA NA NA Nervous System NA 1.8E-03 NA 1.8E-03

Carbon tetrachloride NA 8.7E-06 NA 8.7E-06 Liver NA 2.0E+01 NA 2.0E+01

Chloroform NA 3.7E-06 NA 3.7E-06 Liver NA 2.3E-01 NA 2.3E-01

Tetrachloroethene NA 6.6E-08 NA 6.6E-08 Kidney, Liver NA 1.7E-03 NA 1.7E-03

Trichloroethene NA 6.2E-09 NA 6.2E-09 NA NA NA NA 0.0E+00

Vinyl chloride NA 1.8E-10 NA 1.8E-10 Liver NA 3.0E-05 NA 3.0E-05

cis-1,2-Dichloroethene NA NA NA NA NA NA NA NA 0.0E+00

trans-1,2-Dichloroethene NA NA NA NA NA NA NA NA 0.0E+00

Naphthalene NA NA NA NA Respiratory System NA 2.0E-03 NA 2.0E-03

bis(2-Ethylhexyl)phthalate NA 8.4E-11 NA 8.4E-11 NA NA NA NA 0.0E+00

Chemical Total NA 1.3E-05 NA 1.3E-05 NA 2.0E+01 NA 2.0E+01

Medium Total 3.4E-04 2.4E+02

Receptor Total 3.4E-04 Receptor HI Total  2.4E+02

Total Kidney HI Across All Media = 1.6E-01

Total Liver HI Across All Media = 2.4E+02

Total Blood HI Across All Media = 4.2E-02

 Total Nervous System HI Across All Media = 8.1E-02

Total Gastrointestinal HI Across All Media = 3.1E-02

Total Vascular HI Across All Media = 1.1E-01

Total Skin HI Across All Media = 9.7E-02

Total "Not identified" HI Across All Media = 1.3E-02

Total Decreased Body Weight HI Across All Media = 2.9E-03

Total Whole Body HI Across All Media = 3.4E-01

Total Hair HI Across All Media = 1.7E-02

Total Fetus HI Across All Media = 3.8E-02

Total Respiratory System HI Across All Media = 2.0E-03

Total Reproductive System HI Across All Media = 4.8E-03
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TABLE 9.5.RME

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE

Site 47 Feasibility Study 

NSF-IH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population:  Resident

Receptor Age:  Adult

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure 

Routes Total Target Organ(s) Routes Total

Groundwater Groundwater Upper Aquifer - Tap 
Water

(minus hot spot) 1,2-Dichloroethane NA NA NA NA Liver 9.5E-03 NA 4.7E-04 1.0E-02

Bromochloromethane NA NA NA NA NA NA NA NA 0.0E+00

Bromodichloromethane NA NA NA NA Kidney 9.6E-04 NA 7.8E-05 1.0E-03

Carbon tetrachloride NA NA NA NA Liver 1.4E-01 NA 3.8E-02 1.8E-01

Chloroform NA NA NA NA Liver 2.2E-02 NA 2.0E-03 2.4E-02

Tetrachloroethene NA NA NA NA Liver, Whole body 2.6E-01 NA 1.5E-01 4.1E-01

Trichloroethene NA NA NA NA Liver 5.3E-01 NA 9.3E-02 6.3E-01

Vinyl chloride NA NA NA NA Liver 1.8E-02 NA 9.7E-04 1.9E-02

cis-1,2-Dichloroethene NA NA NA NA Blood 4.1E-02 NA 3.6E-03 4.5E-02

Naphthalene NA NA NA NA Decreased Body Weight 7.2E-03 NA 4.8E-03 1.2E-02

bis(2-Ethylhexyl)phthalate NA NA NA NA Liver 7.0E-03 NA 1.1E-02 1.8E-02

Aluminum NA NA NA NA Neurological 1.2E-01 NA 6.1E-04 1.2E-01

Arsenic NA NA NA NA Skin, Vascular 1.7E+00 NA 8.9E-03 1.7E+00

Barium NA NA NA NA Kidney 7.6E-02 NA 5.7E-03 8.2E-02

Chromium NA NA NA NA Not identified 8.1E-02 NA 3.4E-02 1.1E-01

Cyanide NA NA NA NA Whole body 3.2E+01 NA 1.7E-01 3.2E+01

Iron NA NA NA NA Gastrointestinal, Blood, Liver 9.0E-01 NA 4.7E-03 9.0E-01

Manganese NA NA NA NA CNS 3.9E-01 NA 5.0E-02 4.4E-01

Thallium NA NA NA NA Liver, Blood, Hair 1.4E+00 NA 7.4E-03 1.4E+00

Vanadium NA NA NA NA Kidney 3.2E-01 NA 6.5E-02 3.9E-01

Chemical Total N/A N/A N/A N/A 3.8E+01 0.0E+00 6.5E-01 3.8E+01
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TABLE 9.5.RME

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE

Site 47 Feasibility Study 

NSF-IH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population:  Resident

Receptor Age:  Adult

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure 

Routes Total Target Organ(s) Routes Total

Groundwater Groundwater Upper Aquifer- Water 
Vapors at showerhead

(minus hot spot) 1,2-Dichloroethane NA NA NA NA Liver, Kidney NA 3.8E-01 NA 3.8E-01

Bromochloromethane NA NA NA NA NA NA NA NA 0.0E+00

Bromodichloromethane NA NA NA NA NA NA NA NA 0.0E+00

Carbon tetrachloride NA NA NA NA Liver NA 4.8E-01 NA 4.8E-01

Chloroform NA NA NA NA Liver NA 4.5E-02 NA 4.5E-02

Tetrachloroethene NA NA NA NA Kidney, Liver NA 4.9E-02 NA 4.9E-02

Trichloroethene NA NA NA NA NA NA NA NA 0.0E+00

Vinyl chloride NA NA NA NA Liver NA 7.5E-03 NA 7.5E-03

cis-1,2-Dichloroethene NA NA NA NA NA NA NA NA 0.0E+00

Naphthalene NA NA NA NA Respiratory System NA 3.4E-01 NA 3.4E-01

bis(2-Ethylhexyl)phthalate NA NA NA NA NA NA NA NA 0.0E+00

Chemical Total NA NA 1.3E+00 NA 1.3E+00

Medium Total NA 4.0E+01

Receptor Total NA Receptor HI Total  4.0E+01

Total Kidney HI Across All Media = 9.0E-01

Total Liver HI Across All Media = 4.6E+00

Total Blood HI Across All Media = 2.4E+00

 Total Nervous System HI Across All Media = 5.5E-01

Total Gastrointestinal HI Across All Media = 9.0E-01

Total Vascular HI Across All Media = 1.7E+00

Total Skin HI Across All Media = 1.7E+00

Total "Not identified" HI Across All Media = 1.1E-01

Total Decreased Body Weight HI Across All Media = 1.2E-02

Total Whole Body HI Across All Media = 3.2E+01

Total Hair HI Across All Media = 1.4E+00

Total Respiratory System HI Across All Media = 3.4E-01
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TABLE 9.6.RME

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE

Site 47 Feasibility Study 

NSF-IH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population:  Resident

Receptor Age:  Child

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure 

Routes Total Target Organ(s) Routes Total

Groundwater Groundwater Upper Aquifer - Tap 
Water

(minus hot spot) 1,2-Dichloroethane NA NA NA NA Liver 2.2E-02 NA 1.1E-03 2.3E-02

Bromochloromethane NA NA NA NA NA NA NA NA 0.0E+00

Bromodichloromethane NA NA NA NA Kidney 2.2E-03 NA 1.8E-04 2.4E-03

Carbon tetrachloride NA NA NA NA Liver 3.3E-01 NA 8.5E-02 4.1E-01

Chloroform NA NA NA NA Liver 5.1E-02 NA 4.4E-03 5.5E-02

Tetrachloroethene NA NA NA NA Liver, Whole body 6.0E-01 NA 3.4E-01 9.4E-01

Trichloroethene NA NA NA NA Liver 1.2E+00 NA 2.1E-01 1.5E+00

Vinyl chloride NA NA NA NA Liver 4.3E-02 NA 2.3E-03 4.5E-02

cis-1,2-Dichloroethene NA NA NA NA Blood 9.6E-02 NA 8.4E-03 1.0E-01

Naphthalene NA NA NA NA Decreased Body Weight 1.7E-02 NA 1.1E-02 2.8E-02

bis(2-Ethylhexyl)phthalate NA NA NA NA Liver 1.6E-02 NA 2.4E-02 4.1E-02

Aluminum NA NA NA NA Neurological 2.7E-01 NA 1.8E-03 2.7E-01

Arsenic NA NA NA NA Skin, Vascular 4.0E+00 NA 2.6E-02 4.0E+00

Barium NA NA NA NA Kidney 1.8E-01 NA 1.7E-02 1.9E-01

Chromium NA NA NA NA Not identified 1.9E-01 NA 9.9E-02 2.9E-01

Cyanide NA NA NA NA Whole body 7.4E+01 NA 4.9E-01 7.5E+01

Iron NA NA NA NA Gastrointestinal, Blood, Liver 2.1E+00 NA 1.4E-02 2.1E+00

Manganese NA NA NA NA CNS 9.0E-01 NA 1.5E-01 1.1E+00

Thallium NA NA NA NA Liver, Blood, Hair 3.3E+00 NA 2.2E-02 3.3E+00

Vanadium NA NA NA NA Kidney 7.5E-01 NA 1.9E-01 9.5E-01

Chemical Total N/A N/A N/A N/A 8.8E+01 0.0E+00 1.7E+00 9.0E+01

Medium Total NA 9.0E+01

Receptor Total NA Receptor HI Total  9.0E+01
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TABLE 9.6.RME

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE

Site 47 Feasibility Study 

NSF-IH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population:  Resident

Receptor Age:  Child

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure 

Routes Total Target Organ(s) Routes Total

Total Kidney HI Across All Media = 1.1E+00

Total Liver HI Across All Media = 8.4E+00

Total Blood HI Across All Media = 5.5E+00

 Total Nervous System HI Across All Media = 1.3E+00

Total Gastrointestinal HI Across All Media = 2.1E+00

Total Vascular HI Across All Media = 4.0E+00

Total Skin HI Across All Media = 4.0E+00

Total "Not identified" HI Across All Media = 2.9E-01

Total Decreased Body Weight HI Across All Media = 2.8E-02

Total Whole Body HI Across All Media = 7.6E+01

Total Hair HI Across All Media = 3.3E+00
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TABLE 9.7.RME

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE

Site 47 Feasibility Study 

NSF-IH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population:  Resident

Receptor Age:  Child/Adult

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure 

Routes Total Target Organ(s) Routes Total

Groundwater Groundwater Upper Aquifer - Tap 
Water

(minus hot spot) 1,2-Dichloroethane 9.4E-06 NA 4.6E-07 9.9E-06 Liver NA NA NA NA

Bromochloromethane NA NA NA 0.0E+00 NA NA NA NA NA

Bromodichloromethane 6.5E-07 NA 5.2E-08 7.0E-07 Kidney NA NA NA NA

Carbon tetrachloride 7.0E-06 NA 1.8E-06 8.8E-06 Liver NA NA NA NA

Chloroform NA NA NA 0.0E+00 Liver NA NA NA NA

Tetrachloroethene 7.5E-04 NA 4.4E-04 1.2E-03 Liver, Whole body NA NA NA NA

Trichloroethene 1.9E-05 NA 3.3E-06 2.2E-05 Liver NA NA NA NA

Vinyl chloride 4.2E-05 NA 2.2E-06 4.4E-05 Liver NA NA NA NA

cis-1,2-Dichloroethene NA NA NA 0.0E+00 Blood NA NA NA NA

Naphthalene NA NA NA 0.0E+00 Decreased Body Weight NA NA NA NA

bis(2-Ethylhexyl)phthalate 1.1E-06 NA 1.6E-06 2.7E-06 Liver NA NA NA NA

Aluminum NA NA NA 0.0E+00 Neurological NA NA NA NA

Arsenic 4.2E-04 NA 2.4E-06 4.2E-04 Skin, Vascular NA NA NA NA

Barium NA NA NA 0.0E+00 Kidney NA NA NA NA

Chromium NA NA NA 0.0E+00 Not identified NA NA NA NA

Cyanide NA NA NA 0.0E+00 Whole body NA NA NA NA

Iron NA NA NA 0.0E+00 Gastrointestinal, Blood, Liver NA NA NA NA

Manganese NA NA NA 0.0E+00 CNS NA NA NA NA

Thallium NA NA NA 0.0E+00 Liver, Blood, Hair NA NA NA NA

Vanadium NA NA NA 0.0E+00 Kidney NA NA NA NA

Chemical Total 1.3E-03 N/A 4.5E-04 1.7E-03 0.0E+00 0.0E+00 0.0E+00 0.0E+00
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TABLE 9.7.RME

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE

Site 47 Feasibility Study 

NSF-IH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population:  Resident

Receptor Age:  Child/Adult

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure 

Routes Total Target Organ(s) Routes Total

Groundwater Groundwater Upper Aquifer- Water 
Vapors at showerhead

(minus hot spot) 1,2-Dichloroethane NA 1.6E-05 NA 1.6E-05 Liver, Kidney NA NA NA 0.0E+00

Bromochloromethane NA NA NA 0.0E+00 NA NA NA NA 0.0E+00

Bromodichloromethane NA NA NA 0.0E+00 NA NA NA NA 0.0E+00

Carbon tetrachloride NA 4.9E-06 NA 4.9E-06 Liver NA NA NA 0.0E+00

Chloroform NA 1.7E-05 NA 1.7E-05 Liver NA NA NA 0.0E+00

Tetrachloroethene NA 4.7E-05 NA 4.7E-05 Kidney, Liver NA NA NA 0.0E+00

Trichloroethene NA 1.9E-05 NA 1.9E-05 NA NA NA NA 0.0E+00

Vinyl chloride NA 2.2E-06 NA 2.2E-06 Liver NA NA NA 0.0E+00

cis-1,2-Dichloroethene NA NA NA 0.0E+00 NA NA NA NA 0.0E+00

Naphthalene NA NA NA 0.0E+00 Respiratory System NA NA NA 0.0E+00

bis(2-Ethylhexyl)phthalate NA 6.7E-10 NA 6.7E-10 NA NA NA NA 0.0E+00

Chemical Total 0.0E+00 1.1E-04 0.0E+00 1.1E-04 NA 0.0E+00 NA 0.0E+00

Medium Total 1.8E-03 0.0E+00

Receptor Total 1.8E-03 Receptor HI Total  0.0E+00
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TABLE 9.8.RME

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE

Site 47 Feasibility Study 

NSF-IH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population:  Construction Worker

Receptor Age:  Adult

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure 

Routes Total Target Organ(s) Routes Total

Groundwater Groundwater Upper Aquifer - Water in 
Excavation Pit

(minus hot spot) 1,2-Dichloroethane NA NA 9.6E-09 9.6E-09 Liver NA NA 3.7E-04 3.7E-04

Bromochloromethane NA NA NA NA NA NA NA NA 0.0E+00

Bromodichloromethane NA NA 8.1E-10 8.1E-10 Kidney NA NA 4.5E-05 4.5E-05

Carbon tetrachloride NA NA 2.9E-08 2.9E-08 Liver NA NA 2.2E-02 2.2E-02

Chloroform NA NA NA NA Liver NA NA 1.4E-03 1.4E-03

Tetrachloroethene NA NA 6.3E-06 6.3E-06 Liver, Whole body NA NA 8.1E-02 8.1E-02

Trichloroethene NA NA 5.7E-08 5.7E-08 Liver NA NA 6.1E-02 6.1E-02

Vinyl chloride NA NA 2.8E-08 2.8E-08 Liver NA NA 9.2E-04 9.2E-04

cis-1,2-Dichloroethene NA NA NA NA Blood NA NA 2.9E-03 2.9E-03

Naphthalene NA NA NA NA Decreased Body Weight NA NA 2.9E-03 2.9E-03

bis(2-Ethylhexyl)phthalate NA NA 1.9E-08 1.9E-08 Reproductive NA NA 4.8E-03 4.8E-03

Aluminum NA NA NA NA Neurological NA NA 9.9E-04 9.9E-04

Arsenic NA NA 9.4E-08 9.4E-08 Skin, Vascular NA NA 1.5E-02 1.5E-02

Barium NA NA NA NA Kidney NA NA 9.3E-03 9.3E-03

Chromium NA NA NA NA Not identified NA NA 8.3E-03 8.3E-03

Cyanide NA NA NA NA Whole body NA NA 2.7E-01 2.7E-01

Iron NA NA NA NA Gastrointestinal, Blood, Liver NA NA 7.7E-03 7.7E-03

Manganese NA NA NA NA CNS NA NA 8.3E-02 8.3E-02

Thallium NA NA NA NA Liver, Blood, Hair NA NA 1.2E-02 1.2E-02

Vanadium NA NA NA NA Kidney NA NA 1.5E-02 1.5E-02

Chemical Total N/A N/A 6.5E-06 6.5E-06 0.0E+00 0.0E+00 6.0E-01 6.0E-01
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TABLE 9.8.RME

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE

Site 47 Feasibility Study 

NSF-IH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population:  Construction Worker

Receptor Age:  Adult

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure 

Routes Total Target Organ(s) Routes Total

Groundwater Groundwater Upper Aquifer- Water 
Vapors at showerhead

(minus hot spot) 1,2-Dichloroethane NA 2.2E-07 NA 2.2E-07 Liver, Kidney NA 1.2E-01 NA 1.2E-01

Bromochloromethane NA NA NA NA NA NA NA NA 0.0E+00

Bromodichloromethane NA NA NA NA NA NA NA NA 0.0E+00

Carbon tetrachloride NA 6.2E-08 NA 6.2E-08 Liver NA 1.4E-01 NA 1.4E-01

Chloroform NA 2.2E-07 NA 2.2E-07 Liver NA 1.4E-02 NA 1.4E-02

Tetrachloroethene NA 6.0E-07 NA 6.0E-07 Kidney, Liver NA 1.5E-02 NA 1.5E-02

Trichloroethene NA 2.4E-07 NA 2.4E-07 NA NA NA NA 0.0E+00

Vinyl chloride NA 1.2E-08 NA 1.2E-08 Liver NA 2.0E-03 NA 2.0E-03

cis-1,2-Dichloroethene NA NA NA NA NA NA NA NA 0.0E+00

Naphthalene NA NA NA NA Respiratory System NA 1.3E-01 NA 1.3E-01

bis(2-Ethylhexyl)phthalate NA 1.2E-10 NA 1.2E-10 NA NA NA NA 0.0E+00

Chemical Total 1.4E-06 1.4E-06 NA 4.3E-01 NA 4.3E-01

Medium Total 7.9E-06 1.0E+00

Receptor Total 7.9E-06 Receptor HI Total  1.0E+00

Total Kidney HI Across All Media = 1.5E-01

Total Liver HI Across All Media = 4.9E-01

Total Blood HI Across All Media = 2.3E-02

 Total Nervous System HI Across All Media = 8.4E-02

Total Gastrointestinal HI Across All Media = 7.7E-03

Total Vascular HI Across All Media = 2.4E-02

Total Skin HI Across All Media = 1.5E-02

Total "Not identified" HI Across All Media = 8.3E-03

Total Decreased Body Weight HI Across All Media = 2.9E-03

Total Whole Body HI Across All Media = 3.5E-01

Total Hair HI Across All Media = 1.2E-02

Total Respiratory System HI Across All Media = 1.3E-01

Total Reproductive System HI Across All Media = 4.8E-03
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TABLE 9.1.CTE

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

CENTRAL TENDENCY EXPOSURE

Site 47 Feasibility Study 

NSF-IH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population:  Resident

Receptor Age:  Adult

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure 

Routes Total Target Organ(s) Routes Total

Groundwater Groundwater Upper Aquifer - Tap 
Water 1,1,2,2-Tetrachloroethane NA NA NA NA Liver, Kidney 1.7E-03 NA 2.0E-04 1.9E-03

1,1,2-Trichloroethane NA NA NA NA Blood 3.2E-03 NA 2.8E-04 3.5E-03

1,2-Dichloroethane NA NA NA NA Liver 3.9E-02 NA 1.8E-03 4.1E-02

Benzene NA NA NA NA Blood, Immune 1.6E-02 NA 2.3E-03 1.8E-02

Bromochloromethane NA NA NA NA NA NA NA NA 0.0E+00

Bromodichloromethane NA NA NA NA Kidney 6.4E-04 NA 4.9E-05 6.9E-04

Carbon disulfide NA NA NA NA Fetus 6.8E-02 NA 1.1E-02 7.9E-02

Carbon tetrachloride NA NA NA NA Liver 1.5E+02 NA 3.9E+01 1.9E+02

Chloroform NA NA NA NA Liver 6.5E+00 NA 5.5E-01 7.0E+00

Tetrachloroethene NA NA NA NA Liver, Whole body 4.5E-01 NA 2.5E-01 7.0E-01

Trichloroethene NA NA NA NA Liver 4.5E-01 NA 7.3E-02 5.2E-01

Vinyl chloride NA NA NA NA Liver 8.5E-03 NA 4.2E-04 9.0E-03

cis-1,2-Dichloroethene NA NA NA NA Blood 1.5E-01 NA 1.3E-02 1.7E-01

trans-1,2-Dichloroethene NA NA NA NA Blood 1.0E-02 NA 8.5E-04 1.1E-02

Naphthalene NA NA NA NA Decreased Body Weight 2.9E-03 NA 1.8E-03 4.7E-03

bis(2-Ethylhexyl)phthalate NA NA NA NA Liver 2.8E-03 NA 4.0E-03 6.8E-03

Aluminum NA NA NA NA Neurological 2.7E-02 NA 8.6E-05 2.7E-02

Arsenic NA NA NA NA Skin, Vascular 7.6E-01 NA 2.5E-03 7.7E-01

Barium NA NA NA NA Kidney 1.9E-02 NA 8.6E-04 2.0E-02

Beryllium NA NA NA NA Gastrointestinal 5.6E-03 NA 2.6E-03 8.1E-03

Cadmium NA NA NA NA Kidney 2.3E-02 NA 1.4E-03 2.4E-02

Chromium NA NA NA NA Not identified 1.5E-02 NA 3.8E-03 1.9E-02

Cobalt NA NA NA NA Blood 2.0E-02 NA 2.6E-05 2.0E-02

Cyanide NA NA NA NA Whole body 1.2E+00 NA 3.8E-03 1.2E+00

Iron NA NA NA NA Gastrointestinal, Blood, Liver 4.4E-01 NA 1.4E-03 4.4E-01

Lead NA NA NA NA NA NA NA NA 0.0E+00

Manganese NA NA NA NA CNS 1.3E-01 NA 1.0E-02 1.4E-01

Nickel NA NA NA NA Decreased Body Weight 1.4E-02 NA 2.2E-04 1.4E-02

Thallium NA NA NA NA Liver, Blood, Hair 5.4E-01 NA 1.7E-03 5.4E-01

Vanadium NA NA NA NA Kidney 4.0E-01 NA 4.9E-02 4.5E-01

Chemical Total N/A N/A N/A N/A 1.7E+02 0.0E+00 4.0E+01 2.1E+02
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TABLE 9.1.CTE

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

CENTRAL TENDENCY EXPOSURE

Site 47 Feasibility Study 

NSF-IH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population:  Resident

Receptor Age:  Adult

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure 

Routes Total Target Organ(s) Routes Total

Groundwater Groundwater Upper Aquifer- Water 
Vapors at showerhead 1,1,2,2-Tetrachloroethane NA NA NA NA NA NA NA NA 0.0E+00

1,1,2-Trichloroethane NA NA NA NA NA NA NA NA 0.0E+00

1,2-Dichloroethane NA NA NA NA Liver, Kidney NA 2.2E+00 NA 2.2E+00

Benzene NA NA NA NA Blood, Immune NA 3.7E-02 NA 3.7E-02

Bromochloromethane NA NA NA NA NA NA NA NA 0.0E+00

Bromodichloromethane NA NA NA NA NA NA NA NA 0.0E+00

Carbon disulfide NA NA NA NA Nervous System NA 1.7E-01 NA 1.7E-01

Carbon tetrachloride NA NA NA NA Liver NA 7.5E+02 NA 7.5E+02

Chloroform NA NA NA NA Liver NA 1.9E+01 NA 1.9E+01

Tetrachloroethene NA NA NA NA Kidney, Liver NA 1.2E-01 NA 1.2E-01

Trichloroethene NA NA NA NA NA NA NA NA 0.0E+00

Vinyl chloride NA NA NA NA Liver NA 5.0E-03 NA 5.0E-03

cis-1,2-Dichloroethene NA NA NA NA NA NA NA NA 0.0E+00

trans-1,2-Dichloroethene NA NA NA NA NA NA NA NA 0.0E+00

Naphthalene NA NA NA NA Respiratory System NA 2.0E-01 NA 2.0E-01

bis(2-Ethylhexyl)phthalate NA NA NA NA NA NA NA NA 0.0E+00

Chemical Total NA NA 7.7E+02 NA 7.7E+02

Medium Total NA 9.8E+02

Receptor Total NA Receptor HI Total  9.8E+02

Total Kidney HI Across All Media = 2.8E+00

Total Liver HI Across All Media = 9.7E+02

Total Blood HI Across All Media = 1.2E+00

 Total Nervous System HI Across All Media = 3.4E-01

Total Gastrointestinal HI Across All Media = 4.5E-01

Total Vascular HI Across All Media = 7.7E-01

Total Skin HI Across All Media = 7.7E-01

Total "Not identified" HI Across All Media = 1.9E-02

Total Decreased Body Weight HI Across All Media = 1.9E-02

Total Whole Body HI Across All Media = 1.9E+00

Total Hair HI Across All Media = 5.4E-01

Total Fetus HI Across All Media = 7.9E-02

Total Respiratory System HI Across All Media = 2.0E-01

Total Immune System HI Across All Media = 5.5E-02
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TABLE 9.2.CTE

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

CENTRAL TENDENCY EXPOSURE

Site 47 Feasibility Study 

NSF-IH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population:  Resident

Receptor Age:  Child

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure 

Routes Total Target Organ(s) Routes Total

Groundwater Groundwater Upper Aquifer - Tap 
Water 1,1,2,2-Tetrachloroethane NA NA NA NA Liver, Kidney 5.7E-03 NA 4.0E-04 6.1E-03

1,1,2-Trichloroethane NA NA NA NA Blood 1.1E-02 NA 5.6E-04 1.1E-02

1,2-Dichloroethane NA NA NA NA Liver 1.3E-01 NA 3.5E-03 1.3E-01

Benzene NA NA NA NA Blood, Immune 5.3E-02 NA 4.5E-03 5.8E-02

Bromochloromethane NA NA NA NA NA NA NA NA 0.0E+00

Bromodichloromethane NA NA NA NA Kidney 2.1E-03 NA 9.7E-05 2.2E-03

Carbon disulfide NA NA NA NA Fetus 2.3E-01 NA 2.2E-02 2.5E-01

Carbon tetrachloride NA NA NA NA Liver 5.2E+02 NA 7.6E+01 5.9E+02

Chloroform NA NA NA NA Liver 2.2E+01 NA 1.1E+00 2.3E+01

Tetrachloroethene NA NA NA NA Liver, Whole body 1.5E+00 NA 4.9E-01 2.0E+00

Trichloroethene NA NA NA NA Liver 1.5E+00 NA 1.4E-01 1.6E+00

Vinyl chloride NA NA NA NA Liver 2.8E-02 NA 8.2E-04 2.9E-02

cis-1,2-Dichloroethene NA NA NA NA Blood 5.1E-01 NA 2.5E-02 5.4E-01

trans-1,2-Dichloroethene NA NA NA NA Blood 3.4E-02 NA 1.7E-03 3.6E-02

Naphthalene NA NA NA NA Decreased Body Weight 9.6E-03 NA 3.5E-03 1.3E-02

bis(2-Ethylhexyl)phthalate NA NA NA NA Liver 9.2E-03 NA 7.9E-03 1.7E-02

Aluminum NA NA NA NA Neurological 8.9E-02 NA 1.9E-04 9.0E-02

Arsenic NA NA NA NA Skin, Vascular 2.5E+00 NA 5.6E-03 2.6E+00

Barium NA NA NA NA Kidney 6.2E-02 NA 1.9E-03 6.4E-02

Beryllium NA NA NA NA Gastrointestinal 1.9E-02 NA 5.8E-03 2.4E-02

Cadmium NA NA NA NA Kidney 7.5E-02 NA 3.3E-03 7.8E-02

Chromium NA NA NA NA Not identified 4.9E-02 NA 8.6E-03 5.8E-02

Cobalt NA NA NA NA Blood 6.8E-02 NA 5.9E-05 6.8E-02

Cyanide NA NA NA NA Whole body 3.9E+00 NA 8.6E-03 3.9E+00

Iron NA NA NA NA Gastrointestinal, Blood, Liver 1.5E+00 NA 3.2E-03 1.5E+00

Lead NA NA NA NA NA NA NA NA 0.0E+00

Manganese NA NA NA NA CNS 4.2E-01 NA 2.3E-02 4.5E-01

Nickel NA NA NA NA Decreased Body Weight 4.6E-02 NA 5.0E-04 4.6E-02

Thallium NA NA NA NA Liver, Blood, Hair 1.8E+00 NA 3.9E-03 1.8E+00

Vanadium NA NA NA NA Kidney 1.3E+00 NA 1.1E-01 1.4E+00

Chemical Total N/A N/A N/A N/A 5.5E+02 0.0E+00 7.8E+01 6.3E+02

Medium Total NA 6.3E+02

Receptor Total NA Receptor HI Total  6.3E+02
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TABLE 9.2.CTE

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

CENTRAL TENDENCY EXPOSURE

Site 47 Feasibility Study 

NSF-IH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population:  Resident

Receptor Age:  Child

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure 

Routes Total Target Organ(s) Routes Total

Total Kidney HI Across All Media = 1.6E+00

Total Liver HI Across All Media = 6.2E+02

Total Blood HI Across All Media = 4.0E+00

 Total Nervous System HI Across All Media = 5.4E-01

Total Gastrointestinal HI Across All Media = 1.5E+00

Total Vascular HI Across All Media = 2.6E+00

Total Skin HI Across All Media = 2.6E+00

Total "Not identified" HI Across All Media = 5.8E-02

Total Decreased Body Weight HI Across All Media = 5.9E-02

Total Whole Body HI Across All Media = 5.9E+00

Total Hair HI Across All Media = 1.8E+00

Total Fetus HI Across All Media = 2.5E-01

Total Immune System HI Across All Media = 5.8E-02
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TABLE 9.3.CTE

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

CENTRAL TENDENCY EXPOSURE

Site 47 Feasibility Study 

NSF-IH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population:  Resident

Receptor Age:  Adult/Child

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure 

Routes Total Target Organ(s) Routes Total

Groundwater Groundwater Upper Aquifer - Tap 
Water 1,1,2,2-Tetrachloroethane 8.5E-06 NA 7.2E-07 9.2E-06 Liver, Kidney NA NA NA NA

1,1,2-Trichloroethane 3.0E-07 NA 1.9E-08 3.2E-07 Blood NA NA NA NA
1,2-Dichloroethane 2.9E-05 NA 9.7E-07 3.0E-05 Liver NA NA NA NA

Benzene 1.5E-06 NA 1.5E-07 1.6E-06 Blood, Immune NA NA NA NA
Bromochloromethane NA NA NA 0.0E+00 NA NA NA NA NA

Bromodichloromethane 3.3E-07 NA 1.8E-08 3.5E-07 Kidney NA NA NA NA
Carbon disulfide NA NA NA 0.0E+00 Fetus NA NA NA NA

Carbon tetrachloride 5.8E-03 NA 1.1E-03 6.9E-03 Liver NA NA NA NA
Chloroform NA NA NA 0.0E+00 Liver NA NA NA NA

Tetrachloroethene 1.0E-03 NA 4.0E-04 1.4E-03 Liver, Whole body NA NA NA NA
Trichloroethene 1.2E-05 NA 1.4E-06 1.4E-05 Liver NA NA NA NA
Vinyl chloride 1.5E-05 NA 5.2E-07 1.5E-05 Liver NA NA NA NA

cis-1,2-Dichloroethene NA NA NA 0.0E+00 Blood NA NA NA NA
trans-1,2-Dichloroethene NA NA NA 0.0E+00 Blood NA NA NA NA

Naphthalene NA NA NA 0.0E+00 Decreased Body Weight NA NA NA NA
bis(2-Ethylhexyl)phthalate 3.2E-07 NA 3.3E-07 6.5E-07 Liver NA NA NA NA

Aluminum NA NA NA 0.0E+00 Neurological NA NA NA NA
Arsenic 1.4E-04 NA 3.6E-07 1.4E-04 Skin, Vascular NA NA NA NA
Barium NA NA NA 0.0E+00 Kidney NA NA NA NA

Beryllium NA NA NA 0.0E+00 Gastrointestinal NA NA NA NA
Cadmium NA NA NA 0.0E+00 Kidney NA NA NA NA
Chromium NA NA NA 0.0E+00 Not identified NA NA NA NA

Cobalt NA NA NA 0.0E+00 Blood NA NA NA NA
Cyanide NA NA NA 0.0E+00 Whole body NA NA NA NA

Iron NA NA NA 0.0E+00 Gastrointestinal, Blood, Liver NA NA NA NA
Lead NA NA NA 0.0E+00 NA NA NA NA NA

Manganese NA NA NA 0.0E+00 CNS NA NA NA NA
Nickel NA NA NA 0.0E+00 Decreased Body Weight NA NA NA NA

Thallium NA NA NA 0.0E+00 Liver, Blood, Hair NA NA NA NA
Vanadium NA NA NA 0.0E+00 Kidney NA NA NA NA

Chemical Total 7.1E-03 N/A 1.5E-03 8.5E-03 N/A N/A N/A N/A
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TABLE 9.3.CTE

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

CENTRAL TENDENCY EXPOSURE

Site 47 Feasibility Study 

NSF-IH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population:  Resident

Receptor Age:  Adult/Child

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure 

Routes Total Target Organ(s) Routes Total

Groundwater Groundwater Upper Aquifer- Water 
Vapors at showerhead 1,1,2,2-Tetrachloroethane NA 6.4E-06 NA 6.4E-06 NA NA NA NA

NA
1,1,2-Trichloroethane NA 3.2E-07 NA 3.2E-07 NA NA NA NA NA
1,2-Dichloroethane NA 3.6E-05 NA 3.6E-05 Liver, Kidney NA NA NA NA

Benzene NA 1.1E-06 NA 1.1E-06 Blood, Immune NA NA NA NA
Bromochloromethane NA NA NA 0.0E+00 NA NA NA NA NA

Bromodichloromethane NA NA NA 0.0E+00 NA NA NA NA NA
Carbon disulfide NA NA NA 0.0E+00 Nervous System NA NA NA NA

Carbon tetrachloride NA 2.9E-03 NA 2.9E-03 Liver NA NA NA NA
Chloroform NA 2.8E-03 NA 2.8E-03 Liver NA NA NA NA

Tetrachloroethene NA 4.4E-05 NA 4.4E-05 Kidney, Liver NA NA NA NA
Trichloroethene NA 8.6E-06 NA 8.6E-06 NA NA NA NA NA
Vinyl chloride NA 5.6E-07 NA 5.6E-07 Liver NA NA NA NA

cis-1,2-Dichloroethene NA NA NA 0.0E+00 NA NA NA NA NA
trans-1,2-Dichloroethene NA NA NA 0.0E+00 NA NA NA NA NA

Naphthalene NA NA NA 0.0E+00 Respiratory System NA NA NA NA

bis(2-Ethylhexyl)phthalate NA 1.4E-10 NA 1.4E-10 NA NA NA NA NA

Chemical Total NA 5.8E-03 NA 5.8E-03 NA NA NA NA

Medium Total 1.4E-02 NA

Receptor Total 1.4E-02 NA
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TABLE 9.4.CTE

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

CENTRAL TENDENCY EXPOSURE

Site 47 Feasibility Study 

NSF-IH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population:  Construction Worker

Receptor Age:  Adult

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure 

Routes Total Target Organ(s) Routes Total

Groundwater Groundwater Upper Aquifer - Water in 
Excavation Pit 1,1,2,2-Tetrachloroethane NA NA 2.7E-08 2.7E-08 Liver, Kidney NA NA 1.6E-04 1.6E-04

1,1,2-Trichloroethane NA NA 7.8E-10 7.8E-10 Blood NA NA 2.4E-04 2.4E-04

1,2-Dichloroethane NA NA 4.6E-08 4.6E-08 Liver NA NA 1.8E-03 1.8E-03

Benzene NA NA 7.6E-09 7.6E-09 Blood NA NA 2.4E-03 2.4E-03

Bromochloromethane NA NA NA NA NA NA NA NA 0.0E+00

Bromodichloromethane NA NA 6.8E-10 6.8E-10 Kidney NA NA 3.9E-05 3.9E-05

Carbon disulfide NA NA NA NA Fetus NA NA 1.2E-02 1.2E-02

Carbon tetrachloride NA NA 4.0E-05 4.0E-05 Liver NA NA 3.1E+01 3.1E+01

Chloroform NA NA NA NA Liver NA NA 5.0E-01 5.0E-01

Tetrachloroethene NA NA 1.5E-05 1.5E-05 Liver, Whole body NA NA 1.9E-01 1.9E-01

Trichloroethene NA NA 5.8E-08 5.8E-08 Liver NA NA 6.2E-02 6.2E-02

Vinyl chloride NA NA 1.5E-08 1.5E-08 Liver NA NA 4.8E-04 4.8E-04

cis-1,2-Dichloroethene NA NA NA NA Blood NA NA 1.3E-02 1.3E-02

trans-1,2-Dichloroethene NA NA NA NA Blood NA NA 8.4E-04 8.4E-04

Naphthalene NA NA NA NA Decreased Body Weight NA NA 1.4E-03 1.4E-03

bis(2-Ethylhexyl)phthalate NA NA 1.1E-08 1.1E-08 Reproductive NA NA 2.9E-03 2.9E-03

Aluminum NA NA NA NA Neurological NA NA 2.5E-04 2.5E-04

Arsenic NA NA 4.5E-08 4.5E-08 Skin, Vascular NA NA 7.0E-03 7.0E-03

Barium NA NA NA NA Cardiovascular NA NA 2.4E-03 2.4E-03

Beryllium NA NA NA NA Gastrointestinal NA NA 7.3E-03 7.3E-03

Cadmium NA NA NA NA Kidney NA NA 4.1E-03 4.1E-03

Chromium NA NA NA NA Not identified NA NA 1.6E-03 1.6E-03

Cobalt NA NA NA NA Blood NA NA 7.4E-05 7.4E-05

Cyanide NA NA NA NA Whole body NA NA 1.1E-02 1.1E-02

Iron NA NA NA NA Gastrointestinal, Blood, Liver NA NA 4.1E-03 4.1E-03

Lead NA NA NA NA NA NA NA NA 0.0E+00

Manganese NA NA NA NA CNS NA NA 2.9E-02 2.9E-02

Nickel NA NA NA NA Whole body NA NA 6.3E-04 6.3E-04

Thallium NA NA NA NA Liver, Blood, Hair NA NA 4.9E-03 4.9E-03

Vanadium NA NA NA NA Kidney NA NA 2.0E-02 2.0E-02

Chemical Total N/A N/A 5.5E-05 5.5E-05 0.0E+00 0.0E+00 3.1E+01 3.1E+01
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TABLE 9.4.CTE

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

CENTRAL TENDENCY EXPOSURE

Site 47 Feasibility Study 

NSF-IH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population:  Construction Worker

Receptor Age:  Adult

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure 

Routes Total Target Organ(s) Routes Total

Groundwater Groundwater Upper Aquifer- Water 
Vapors at showerhead 1,1,2,2-Tetrachloroethane NA 2.3E-07 NA 2.3E-07 NA NA NA NA 0.0E+00

1,1,2-Trichloroethane NA 9.1E-09 NA 9.1E-09 NA NA NA NA 0.0E+00

1,2-Dichloroethane NA 9.8E-07 NA 9.8E-07 Liver, Kidney NA 5.4E-01 NA 5.4E-01

Benzene NA 2.6E-08 NA 2.6E-08 Blood NA 7.8E-03 NA 7.8E-03

Bromochloromethane NA NA NA NA NA NA NA NA 0.0E+00

Bromodichloromethane NA NA NA NA NA NA NA NA 0.0E+00

Carbon disulfide NA NA NA NA Nervous System NA 3.6E-02 NA 3.6E-02

Carbon tetrachloride NA 7.3E-05 NA 7.3E-05 Liver NA 1.7E+02 NA 1.7E+02

Chloroform NA 7.1E-05 NA 7.1E-05 Liver NA 4.4E+00 NA 4.4E+00

Tetrachloroethene NA 1.1E-06 NA 1.1E-06 Kidney, Liver NA 2.8E-02 NA 2.8E-02

Trichloroethene NA 2.1E-07 NA 2.1E-07 NA NA NA NA 0.0E+00

Vinyl chloride NA 6.1E-09 NA 6.1E-09 Liver NA 1.0E-03 NA 1.0E-03

cis-1,2-Dichloroethene NA NA NA NA NA NA NA NA 0.0E+00

trans-1,2-Dichloroethene NA NA NA NA NA NA NA NA 0.0E+00

Naphthalene NA NA NA NA Respiratory System NA 5.5E-02 NA 5.5E-02

bis(2-Ethylhexyl)phthalate NA 5.2E-11 NA 5.2E-11 NA NA NA NA 0.0E+00

Chemical Total NA 1.5E-04 NA 1.5E-04 NA 1.7E+02 NA 1.7E+02

Medium Total 2.0E-04 2.1E+02

Receptor Total 2.0E-04 Receptor HI Total  2.1E+02

Total Kidney HI Across All Media = 5.9E-01

Total Liver HI Across All Media = 2.1E+02

Total Blood HI Across All Media = 3.3E-02

 Total Nervous System HI Across All Media = 6.5E-02

Total Gastrointestinal HI Across All Media = 1.1E-02

Total Vascular HI Across All Media = 9.4E-03

Total Skin HI Across All Media = 7.0E-03

Total "Not identified" HI Across All Media = 1.6E-03

Total Decreased Body Weight HI Across All Media = 1.4E-03

Total Whole Body HI Across All Media = 2.0E-01

Total Hair HI Across All Media = 4.9E-03

Total Fetus HI Across All Media = 1.2E-02

Total Respiratory System HI Across All Media = 5.5E-02

Total Reproductive System HI Across All Media = 2.9E-03
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TABLE 9.5.CTE

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

CENTRAL TENDENCY EXPOSURE

Site 47 Feasibility Study 

NSF-IH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population:  Resident

Receptor Age:  Adult

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure 

Routes Total Target Organ(s) Routes Total

Groundwater Groundwater Upper Aquifer - Tap 
Water

(minus hot spot) 1,2-Dichloroethane NA NA NA NA Liver 1.7E-03 NA 8.0E-05 1.8E-03

Bromochloromethane NA NA NA NA NA NA NA NA 0.0E+00

Bromodichloromethane NA NA NA NA Kidney 4.5E-04 NA 3.4E-05 4.8E-04

Carbon tetrachloride NA NA NA NA Liver 3.0E-02 NA 7.6E-03 3.8E-02

Chloroform NA NA NA NA Liver 2.8E-03 NA 2.4E-04 3.1E-03

Tetrachloroethene NA NA NA NA Liver, Whole body 1.3E-02 NA 7.4E-03 2.1E-02

Trichloroethene NA NA NA NA Liver 3.7E-02 NA 6.1E-03 4.3E-02

Vinyl chloride NA NA NA NA Liver 7.4E-03 NA 3.6E-04 7.8E-03

cis-1,2-Dichloroethene NA NA NA NA Blood 5.0E-03 NA 4.2E-04 5.4E-03

Naphthalene NA NA NA NA Decreased Body Weight 2.8E-03 NA 1.8E-03 4.6E-03

bis(2-Ethylhexyl)phthalate NA NA NA NA Liver 2.7E-03 NA 3.8E-03 6.5E-03

Aluminum NA NA NA NA Neurological 2.3E-02 NA 7.4E-05 2.3E-02

Arsenic NA NA NA NA Skin, Vascular 2.3E-01 NA 7.3E-04 2.3E-01

Barium NA NA NA NA Kidney 2.0E-02 NA 9.2E-04 2.1E-02

Chromium NA NA NA NA Not identified 1.7E-02 NA 4.4E-03 2.1E-02

Cyanide NA NA NA NA Whole body 1.2E+00 NA 3.8E-03 1.2E+00

Iron NA NA NA NA Gastrointestinal, Blood, Liver 2.8E-01 NA 9.1E-04 2.8E-01

Manganese NA NA NA NA CNS 1.3E-01 NA 1.1E-02 1.4E-01

Thallium NA NA NA NA Liver, Blood, Hair 4.8E-01 NA 1.5E-03 4.8E-01

Vanadium NA NA NA NA Kidney 1.5E-01 NA 1.9E-02 1.7E-01

Chemical Total N/A N/A N/A N/A 2.6E+00 0.0E+00 7.0E-02 2.7E+00
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TABLE 9.5.CTE

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

CENTRAL TENDENCY EXPOSURE

Site 47 Feasibility Study 

NSF-IH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population:  Resident

Receptor Age:  Adult

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure 

Routes Total Target Organ(s) Routes Total

Groundwater Groundwater Upper Aquifer- Water 
Vapors at showerhead

(minus hot spot) 1,2-Dichloroethane NA NA NA NA Liver, Kidney NA 9.8E-02 NA 9.8E-02

Bromochloromethane NA NA NA NA NA NA NA NA 0.0E+00

Bromodichloromethane NA NA NA NA NA NA NA NA 0.0E+00

Carbon tetrachloride NA NA NA NA Liver NA 1.5E-01 NA 1.5E-01

Chloroform NA NA NA NA Liver NA 8.3E-03 NA 8.3E-03

Tetrachloroethene NA NA NA NA Kidney, Liver NA 3.6E-03 NA 3.6E-03

Trichloroethene NA NA NA NA NA NA NA NA 0.0E+00

Vinyl chloride NA NA NA NA Liver NA 4.4E-03 NA 4.4E-03

cis-1,2-Dichloroethene NA NA NA NA NA NA NA NA 0.0E+00

Naphthalene NA NA NA NA Respiratory System NA 1.9E-01 NA 1.9E-01

bis(2-Ethylhexyl)phthalate NA NA NA NA NA NA NA NA 0.0E+00

Chemical Total NA NA 4.5E-01 NA 4.5E-01

Medium Total NA 3.2E+00

Receptor Total NA Receptor HI Total  3.2E+00

Total Kidney HI Across All Media = 2.9E-01

Total Liver HI Across All Media = 1.1E+00

Total Blood HI Across All Media = 7.7E-01

 Total Nervous System HI Across All Media = 1.7E-01

Total Gastrointestinal HI Across All Media = 2.8E-01

Total Vascular HI Across All Media = 2.3E-01

Total Skin HI Across All Media = 2.3E-01

Total "Not identified" HI Across All Media = 2.1E-02

Total Decreased Body Weight HI Across All Media = 4.6E-03

Total Whole Body HI Across All Media = 1.2E+00

Total Hair HI Across All Media = 4.8E-01

Total Respiratory System HI Across All Media = 1.9E-01
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TABLE 9.6.CTE

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

CENTRAL TENDENCY EXPOSURE

Site 47 Feasibility Study 

NSF-IH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population:  Resident

Receptor Age:  Child

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure 

Routes Total Target Organ(s) Routes Total

Groundwater Groundwater Upper Aquifer - Tap 
Water

(minus hot spot) 1,2-Dichloroethane NA NA NA NA Liver 5.8E-03 NA 1.6E-04 5.9E-03

Bromochloromethane NA NA NA NA NA NA NA NA 0.0E+00

Bromodichloromethane NA NA NA NA Kidney 1.5E-03 NA 6.8E-05 1.6E-03

Carbon tetrachloride NA NA NA NA Liver 1.0E-01 NA 1.5E-02 1.2E-01

Chloroform NA NA NA NA Liver 9.5E-03 NA 4.8E-04 9.9E-03

Tetrachloroethene NA NA NA NA Liver, Whole body 4.4E-02 NA 1.5E-02 5.9E-02

Trichloroethene NA NA NA NA Liver 1.2E-01 NA 1.2E-02 1.4E-01

Vinyl chloride NA NA NA NA Liver 2.5E-02 NA 7.1E-04 2.5E-02

cis-1,2-Dichloroethene NA NA NA NA Blood 1.7E-02 NA 8.2E-04 1.8E-02

Naphthalene NA NA NA NA Decreased Body Weight 9.4E-03 NA 3.5E-03 1.3E-02

bis(2-Ethylhexyl)phthalate NA NA NA NA Liver 8.8E-03 NA 7.6E-03 1.6E-02

Aluminum NA NA NA NA Neurological 7.7E-02 NA 1.7E-04 7.7E-02

Arsenic NA NA NA NA Skin, Vascular 7.6E-01 NA 1.7E-03 7.6E-01

Barium NA NA NA NA Kidney 6.7E-02 NA 2.1E-03 6.9E-02

Chromium NA NA NA NA Not identified 5.7E-02 NA 9.9E-03 6.7E-02

Cyanide NA NA NA NA Whole body 4.0E+00 NA 8.7E-03 4.0E+00

Iron NA NA NA NA Gastrointestinal, Blood, Liver 9.4E-01 NA 2.1E-03 9.5E-01

Manganese NA NA NA NA CNS 4.4E-01 NA 2.4E-02 4.7E-01

Thallium NA NA NA NA Liver, Blood, Hair 1.6E+00 NA 3.5E-03 1.6E+00

Vanadium NA NA NA NA Kidney 5.0E-01 NA 4.2E-02 5.5E-01

Chemical Total N/A N/A N/A N/A 8.8E+00 0.0E+00 1.5E-01 8.9E+00

Medium Total NA 8.9E+00

Receptor Total NA Receptor HI Total  8.9E+00
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TABLE 9.6.CTE

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

CENTRAL TENDENCY EXPOSURE

Site 47 Feasibility Study 

NSF-IH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population:  Resident

Receptor Age:  Child

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure 

Routes Total Target Organ(s) Routes Total

Total Kidney HI Across All Media = 6.2E-01

Total Liver HI Across All Media = 2.9E+00

Total Blood HI Across All Media = 2.6E+00

 Total Nervous System HI Across All Media = 5.4E-01

Total Gastrointestinal HI Across All Media = 9.5E-01

Total Vascular HI Across All Media = 7.6E-01

Total Skin HI Across All Media = 7.6E-01

Total "Not identified" HI Across All Media = 6.7E-02

Total Decreased Body Weight HI Across All Media = 1.3E-02

Total Whole Body HI Across All Media = 4.0E+00

Total Hair HI Across All Media = 1.6E+00

Page 28 of 32



TABLE 9.7.CTE

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

CENTRAL TENDENCY EXPOSURE

Site 47 Feasibility Study 

NSF-IH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population:  Resident

Receptor Age:  Child/Adult

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure 

Routes Total Target Organ(s) Routes Total

Groundwater Groundwater Upper Aquifer - Tap 
Water

(minus hot spot) 1,2-Dichloroethane 1.3E-06 NA 4.3E-08 1.4E-06 Liver NA NA NA NA

Bromochloromethane NA NA NA 0.0E+00 NA NA NA NA NA

Bromodichloromethane 2.3E-07 NA 1.3E-08 2.4E-07 Kidney NA NA NA NA

Carbon tetrachloride 1.1E-06 NA 2.1E-07 1.3E-06 Liver NA NA NA NA

Chloroform NA NA NA 0.0E+00 Liver NA NA NA NA

Tetrachloroethene 3.0E-05 NA 1.2E-05 4.1E-05 Liver, Whole body NA NA NA NA

Trichloroethene 1.0E-06 NA 1.2E-07 1.1E-06 Liver NA NA NA NA

Vinyl chloride 1.3E-05 NA 4.5E-07 1.3E-05 Liver NA NA NA NA

cis-1,2-Dichloroethene NA NA NA 0.0E+00 Blood NA NA NA NA

Naphthalene NA NA NA 0.0E+00 Decreased Body Weight NA NA NA NA

bis(2-Ethylhexyl)phthalate 3.1E-07 NA 3.2E-07 6.3E-07 Liver NA NA NA NA

Aluminum NA NA NA 0.0E+00 Neurological NA NA NA NA

Arsenic 4.2E-05 NA 1.1E-07 4.3E-05 Skin, Vascular NA NA NA NA

Barium NA NA NA 0.0E+00 Kidney NA NA NA NA

Chromium NA NA NA 0.0E+00 Not identified NA NA NA NA

Cyanide NA NA NA 0.0E+00 Whole body NA NA NA NA

Iron NA NA NA 0.0E+00 Gastrointestinal, Blood, Liver NA NA NA NA

Manganese NA NA NA 0.0E+00 CNS NA NA NA NA

Thallium NA NA NA 0.0E+00 Liver, Blood, Hair NA NA NA NA

Vanadium NA NA NA 0.0E+00 Kidney NA NA NA NA

Chemical Total 8.9E-05 N/A 1.3E-05 1.0E-04 0.0E+00 0.0E+00 0.0E+00 0.0E+00
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TABLE 9.7.CTE

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

CENTRAL TENDENCY EXPOSURE

Site 47 Feasibility Study 

NSF-IH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population:  Resident

Receptor Age:  Child/Adult

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure 

Routes Total Target Organ(s) Routes Total

Groundwater Groundwater Upper Aquifer- Water 
Vapors at showerhead

(minus hot spot) 1,2-Dichloroethane NA 1.6E-06 NA 1.6E-06 Liver, Kidney NA NA NA 0.0E+00

Bromochloromethane NA NA NA 0.0E+00 NA NA NA NA 0.0E+00

Bromodichloromethane NA NA NA 0.0E+00 NA NA NA NA 0.0E+00

Carbon tetrachloride NA 5.7E-07 NA 5.7E-07 Liver NA NA NA 0.0E+00

Chloroform NA 1.2E-06 NA 1.2E-06 Liver NA NA NA 0.0E+00

Tetrachloroethene NA 1.3E-06 NA 1.3E-06 Kidney, Liver NA NA NA 0.0E+00

Trichloroethene NA 7.2E-07 NA 7.2E-07 NA NA NA NA 0.0E+00

Vinyl chloride NA 4.8E-07 NA 4.8E-07 Liver NA NA NA 0.0E+00

cis-1,2-Dichloroethene NA NA NA 0.0E+00 NA NA NA NA 0.0E+00

Naphthalene NA NA NA 0.0E+00 Respiratory System NA NA NA 0.0E+00

bis(2-Ethylhexyl)phthalate NA 1.4E-10 NA 1.4E-10 NA NA NA NA 0.0E+00

Chemical Total 0.0E+00 5.9E-06 0.0E+00 5.9E-06 NA 0.0E+00 NA 0.0E+00

Medium Total 1.1E-04 0.0E+00

Receptor Total 1.1E-04 Receptor HI Total  0.0E+00
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TABLE 9.8.CTE

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

CENTRAL TENDENCY EXPOSURE

Site 47 Feasibility Study 

NSF-IH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population:  Construction Worker

Receptor Age:  Adult

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure 

Routes Total Target Organ(s) Routes Total

Groundwater Groundwater Upper Aquifer - Water in 
Excavation Pit

(minus hot spot) 1,2-Dichloroethane NA NA 2.0E-09 2.0E-09 Liver NA NA 7.9E-05 7.9E-05

Bromochloromethane NA NA NA NA NA NA NA NA 0.0E+00

Bromodichloromethane NA NA 4.8E-10 4.8E-10 Kidney NA NA 2.7E-05 2.7E-05

Carbon tetrachloride NA NA 7.8E-09 7.8E-09 Liver NA NA 6.0E-03 6.0E-03

Chloroform NA NA NA NA Liver NA NA 2.2E-04 2.2E-04

Tetrachloroethene NA NA 4.3E-07 4.3E-07 Liver, Whole body NA NA 5.5E-03 5.5E-03

Trichloroethene NA NA 4.8E-09 4.8E-09 Liver NA NA 5.1E-03 5.1E-03

Vinyl chloride NA NA 1.3E-08 1.3E-08 Liver NA NA 4.2E-04 4.2E-04

cis-1,2-Dichloroethene NA NA NA NA Blood NA NA 4.1E-04 4.1E-04

Naphthalene NA NA NA NA Decreased Body Weight NA NA 1.4E-03 1.4E-03

bis(2-Ethylhexyl)phthalate NA NA 1.1E-08 1.1E-08 Reproductive NA NA 2.7E-03 2.7E-03

Aluminum NA NA NA NA Neurological NA NA 2.1E-04 2.1E-04

Arsenic NA NA 1.3E-08 1.3E-08 Skin, Vascular NA NA 2.1E-03 2.1E-03

Barium NA NA NA NA Kidney NA NA 2.6E-03 2.6E-03

Chromium NA NA NA NA Not identified NA NA 1.9E-03 1.9E-03

Cyanide NA NA NA NA Whole body NA NA 1.1E-02 1.1E-02

Iron NA NA NA NA Gastrointestinal, Blood, Liver NA NA 2.6E-03 2.6E-03

Manganese NA NA NA NA CNS NA NA 3.0E-02 3.0E-02

Thallium NA NA NA NA Liver, Blood, Hair NA NA 4.4E-03 4.4E-03

Vanadium NA NA NA NA Kidney NA NA 7.6E-03 7.6E-03

Chemical Total N/A N/A 4.8E-07 4.8E-07 0.0E+00 0.0E+00 8.5E-02 8.5E-02
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TABLE 9.8.CTE

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

CENTRAL TENDENCY EXPOSURE

Site 47 Feasibility Study 

NSF-IH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population:  Construction Worker

Receptor Age:  Adult

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure 

Routes Total Target Organ(s) Routes Total

Groundwater Groundwater Upper Aquifer- Water 
Vapors at showerhead

(minus hot spot) 1,2-Dichloroethane NA 4.4E-09 NA 4.4E-09 Liver, Kidney NA 2.4E-02 NA 2.4E-02

Bromochloromethane NA NA NA NA NA NA NA NA 0.0E+00

Bromodichloromethane NA NA NA NA NA NA NA NA 0.0E+00

Carbon tetrachloride NA 1.4E-09 NA 1.4E-09 Liver NA 3.3E-02 NA 3.3E-02

Chloroform NA 3.1E-09 NA 3.1E-09 Liver NA 1.9E-03 NA 1.9E-03

Tetrachloroethene NA 3.3E-09 NA 3.3E-09 Kidney, Liver NA 8.3E-04 NA 8.3E-04

Trichloroethene NA 1.8E-09 NA 1.8E-09 NA NA NA NA 0.0E+00

Vinyl chloride NA 5.3E-10 NA 5.3E-10 Liver NA 8.9E-04 NA 8.9E-04

cis-1,2-Dichloroethene NA NA NA NA NA NA NA NA 0.0E+00

Naphthalene NA NA NA NA Respiratory System NA 5.4E-02 NA 5.4E-02

bis(2-Ethylhexyl)phthalate NA 5.0E-12 NA 5.0E-12 NA NA NA NA 0.0E+00

Chemical Total 1.5E-08 1.5E-08 NA 1.1E-01 NA 1.1E-01

Medium Total 5.0E-07 2.0E-01

Receptor Total 5.0E-07 Receptor HI Total  2.0E-01

Total Kidney HI Across All Media = 3.5E-02

Total Liver HI Across All Media = 8.5E-02

Total Blood HI Across All Media = 7.4E-03

 Total Nervous System HI Across All Media = 3.1E-02

Total Gastrointestinal HI Across All Media = 2.6E-03

Total Vascular HI Across All Media = 4.7E-03

Total Skin HI Across All Media = 2.1E-03

Total "Not identified" HI Across All Media = 1.9E-03

Total Decreased Body Weight HI Across All Media = 1.4E-03

Total Whole Body HI Across All Media = 1.6E-02

Total Hair HI Across All Media = 4.4E-03

Total Respiratory System HI Across All Media = 5.4E-02

Total Reproductive System HI Across All Media = 2.7E-03
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TABLE 10.1.RME

RISK SUMMARY 

REASONABLE MAXIMUM EXPOSURE

Site 47 Feasibility Study 

NSF-IH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population:  Resident

Receptor Age:  Adult

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure 

Routes Total Target Organ(s) Routes Total

Groundwater Groundwater Upper Aquifer - Tap 
Water

Carbon disulfide NA NA NA NA Fetus 2.6E-01 NA 4.5E-02 3.0E-01

Carbon tetrachloride NA NA NA NA Liver 1.4E+03 NA 3.7E+02 1.7E+03

Chloroform NA NA NA NA Liver 2.5E+01 NA 2.3E+00 2.7E+01

Tetrachloroethene NA NA NA NA Liver, Whole body 2.0E+00 NA 1.2E+00 3.1E+00

Trichloroethene NA NA NA NA Liver 9.6E-01 NA 1.7E-01 1.1E+00

cis-1,2-Dichloroethene NA NA NA NA Blood 3.3E-01 NA 2.9E-02 3.6E-01

Aluminum NA NA NA NA Neurological 1.2E-01 NA 6.1E-04 1.2E-01

Arsenic NA NA NA NA Skin, Vascular 1.1E+01 NA 5.9E-02 1.1E+01

Chromium NA NA NA NA Not identified 1.2E-01 NA 5.1E-02 1.7E-01

Cyanide NA NA NA NA Whole body 3.2E+01 NA 1.7E-01 3.2E+01

Iron NA NA NA NA Gastrointestinal, Blood, Liver 1.8E+00 NA 9.6E-03 1.8E+00

Manganese NA NA NA NA CNS 3.6E-01 NA 4.8E-02 4.1E-01

Thallium NA NA NA NA Liver, Blood, Hair 2.0E+00 NA 1.0E-02 2.0E+00

Vanadium NA NA NA NA Kidney 2.8E+00 NA 5.6E-01 3.3E+00

Chemical Total N/A N/A N/A N/A 1.4E+03 0.0E+00 3.7E+02 1.8E+03

Groundwater Groundwater Upper Aquifer- Water 
Vapors at showerhead

1,2-Dichloroethane NA NA NA NA Liver, Kidney NA 3.3E+00 NA 3.3E+00

Carbon disulfide NA NA NA NA Nervous System NA 4.6E-01 NA 4.6E-01

Carbon tetrachloride NA NA NA NA Liver NA 4.6E+03 NA 4.6E+03

Chloroform NA NA NA NA Liver NA 5.2E+01 NA 5.2E+01

Tetrachloroethene NA NA NA NA Kidney, Liver NA 3.8E-01 NA 3.8E-01

Naphthalene NA NA NA NA Respiratory System NA 3.4E-01 NA 3.4E-01

Chemical Total NA NA 4.7E+03 NA 4.7E+03

Medium Total NA 6.5E+03

Receptor Total NA Receptor HI Total  6.5E+03
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TABLE 10.1.RME

RISK SUMMARY 

REASONABLE MAXIMUM EXPOSURE

Site 47 Feasibility Study 

NSF-IH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population:  Resident

Receptor Age:  Adult

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure 

Routes Total Target Organ(s) Routes Total

Total Kidney HI Across All Media = 7.0E+00

Total Liver HI Across All Media = 6.4E+03

Total Blood HI Across All Media = 4.2E+00

 Total Nervous System HI Across All Media = 9.9E-01

Total Gastrointestinal HI Across All Media = 1.8E+00

Total Vascular HI Across All Media = 1.1E+01

Total Skin HI Across All Media = 1.1E+01

Total "Not identified" HI Across All Media = 1.7E-01

Total Whole Body HI Across All Media = 3.5E+01

Total Hair HI Across All Media = 2.0E+00

Total Fetus HI Across All Media = 3.0E-01

Total Respiratory System HI Across All Media = 3.4E-01
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TABLE 10.2.RME

RISK SUMMARY 

REASONABLE MAXIMUM EXPOSURE

Site 47 Feasibility Study 

NSF-IH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population:  Resident

Receptor Age:  Child

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure 

Routes Total Target Organ(s) Routes Total

Groundwater Groundwater Upper Aquifer - Tap 
Water

1,2-Dichloroethane NA NA NA NA Liver 1.9E-01 NA 9.5E-03 2.0E-01

Carbon disulfide NA NA NA NA Fetus 6.0E-01 NA 1.1E-01 7.1E-01

Carbon tetrachloride NA NA NA NA Liver 3.2E+03 NA 8.2E+02 4.0E+03

Chloroform NA NA NA NA Liver 5.9E+01 NA 5.2E+00 6.4E+01

Tetrachloroethene NA NA NA NA Liver, Whole body 4.6E+00 NA 2.6E+00 7.2E+00

Trichloroethene NA NA NA NA Liver 2.2E+00 NA 3.7E-01 2.6E+00

cis-1,2-Dichloroethene NA NA NA NA Blood 7.7E-01 NA 6.8E-02 8.3E-01

Aluminum NA NA NA NA Neurological 2.7E-01 NA 1.8E-03 2.8E-01

Arsenic NA NA NA NA Skin, Vascular 2.6E+01 NA 1.7E-01 2.7E+01

Barium NA NA NA NA Kidney 1.7E-01 NA 1.6E-02 1.8E-01

Beryllium NA NA NA NA Gastrointestinal 7.4E-02 NA 7.0E-02 1.4E-01

Cadmium NA NA NA NA Kidney 1.8E-01 NA 2.4E-02 2.1E-01

Chromium NA NA NA NA Not identified 2.9E-01 NA 1.5E-01 4.4E-01

Cobalt NA NA NA NA Blood 2.0E-01 NA 5.2E-04 2.0E-01

Cyanide NA NA NA NA Whole body 7.4E+01 NA 4.9E-01 7.5E+01

Iron NA NA NA NA Gastrointestinal, Blood, Liver 4.3E+00 NA 2.8E-02 4.3E+00

Lead NA NA NA NA NA NA NA NA 0.0E+00

Manganese NA NA NA NA CNS 8.5E-01 NA 1.4E-01 9.9E-01

Nickel NA NA NA NA Decreased Body Weight 1.5E-01 NA 4.9E-03 1.5E-01

Thallium NA NA NA NA Liver, Blood, Hair 4.7E+00 NA 3.1E-02 4.7E+00

Vanadium NA NA NA NA Kidney 6.5E+00 NA 1.6E+00 8.1E+00

Chemical Total N/A N/A N/A N/A 3.4E+03 0.0E+00 8.3E+02 4.2E+03

Medium Total NA 4.2E+03

Receptor Total NA Receptor HI Total  4.2E+03
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TABLE 10.2.RME

RISK SUMMARY 

REASONABLE MAXIMUM EXPOSURE

Site 47 Feasibility Study 

NSF-IH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population:  Resident

Receptor Age:  Child

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure 

Routes Total Target Organ(s) Routes Total

Total Kidney HI Across All Media = 8.5E+00

Total Liver HI Across All Media = 4.1E+03

Total Blood HI Across All Media = 1.0E+01

 Total Nervous System HI Across All Media = 1.3E+00

Total Gastrointestinal HI Across All Media = 4.5E+00

Total Vascular HI Across All Media = 2.7E+01

Total Skin HI Across All Media = 2.7E+01

Total "Not identified" HI Across All Media = 4.4E-01

Total Decreased Body Weight HI Across All Media = 1.5E-01

Total Whole Body HI Across All Media = 8.2E+01

Total Hair HI Across All Media = 4.7E+00

Total Fetus HI Across All Media = 7.1E-01
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TABLE 10.3.RME

RISK SUMMARY 

REASONABLE MAXIMUM EXPOSURE

Site 47 Feasibility Study 

NSF-IH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population:  Resident

Receptor Age:  Adult/Child

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure 

Routes Total Target Organ(s) Routes Total

Groundwater Groundwater Upper Aquifer - Tap 
Water 1,1,2,2-Tetrachloroethane 2.4E-05 NA 3.0E-06 2.7E-05 Liver and Kidney NA NA NA NA

1,2-Dichloroethane 8.3E-05 NA 4.0E-06 8.7E-05 Liver NA NA NA NA
Benzene 4.1E-06 NA 6.3E-07 4.7E-06 Blood, Immune NA NA NA NA

Bromodichloromethane 9.3E-07 NA 7.4E-08 1.0E-06 Kidney NA NA NA NA
Carbon tetrachloride 6.5E-02 NA 1.8E-02 8.3E-02 Liver NA NA NA NA
Tetrachloroethene 5.8E-03 NA 3.4E-03 9.2E-03 Liver, Whole body NA NA NA NA

Trichloroethene 3.4E-05 NA 5.9E-06 4.0E-05 Liver NA NA NA NA
Vinyl chloride 4.2E-05 NA 2.2E-06 4.4E-05 Liver NA NA NA NA

bis(2-Ethylhexyl)phthalate 1.1E-06 NA 1.6E-06 2.7E-06 Liver NA NA NA NA
Arsenic 2.8E-03 NA 1.6E-05 2.8E-03 Skin, Vascular NA NA NA NA

Chemical Total 7.4E-02 N/A 2.1E-02 9.5E-02 N/A N/A N/A N/A

Groundwater Groundwater Upper Aquifer- Water 
Vapors at showerhead 1,1,2,2-Tetrachloroethane NA 2.6E-05 NA 2.6E-05 NA NA NA NA

NA
1,1,2-Trichloroethane NA 1.3E-06 NA 1.3E-06 NA NA NA NA NA
1,2-Dichloroethane NA 1.4E-04 NA 1.4E-04 Liver, Kidney NA NA NA NA

Benzene NA 4.4E-06 NA 4.4E-06 Blood, Immune NA NA NA NA
Carbon tetrachloride NA 4.7E-02 NA 4.7E-02 Liver NA NA NA NA

Chloroform NA 2.0E-02 NA 2.0E-02 Liver NA NA NA NA
Tetrachloroethene NA 3.6E-04 NA 3.6E-04 Kidney, Liver NA NA NA NA

Trichloroethene NA 3.4E-05 NA 3.4E-05 NA NA NA NA NA
Vinyl chloride NA 2.2E-06 NA 2.2E-06 Liver NA NA NA NA

Chemical Total NA 6.7E-02 NA 6.7E-02 NA NA NA NA

Medium Total 1.6E-01 NA

Receptor Total 1.6E-01 NA
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TABLE 10.4.RME

RISK SUMMARY

REASONABLE MAXIMUM EXPOSURE

Site 47 Feasibility Study 

NSF-IH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population:  Construction Worker

Receptor Age:  Adult

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure 

Routes Total Target Organ(s) Routes Total

Groundwater Groundwater Upper Aquifer - Water in 
excavation pit

Carbon tetrachloride NA NA 2.8E-04 2.8E-04 Liver NA NA 2.1E+02 2.1E+02

Chloroform NA NA NA NA Liver NA NA 1.6E+00 1.6E+00

Tetrachloroethene NA NA 4.8E-05 4.8E-05 Liver, Whole body NA NA 6.2E-02 6.2E-02

Trichloroethene NA NA 1.0E-07 1.0E-07 Liver NA NA 1.1E-01 1.1E-01

Cyanide NA NA NA NA Whole body NA NA 2.7E-01 2.7E-01

Vanadium NA NA NA NA Kidney NA NA 1.3E-01 1.3E-01

Chemical Total N/A N/A 3.3E-04 3.3E-04 0.0E+00 0.0E+00 2.2E+02 2.2E+02

Groundwater Groundwater Upper Aquifer- Water 
Vapors in excavation pit

Carbon tetrachloride NA 8.7E-06 NA 8.7E-06 Liver NA 2.0E+01 NA 2.0E+01

Chloroform NA 3.7E-06 NA 3.7E-06 Liver NA 2.3E-01 NA 2.3E-01

Chemical Total NA 1.2E-05 NA 1.2E-05 NA 2.0E+01 NA 2.0E+01

Medium Total 3.4E-04 2.4E+02

Receptor Total 3.4E-04 Receptor HI Total  2.4E+02

Total Kidney HI Across All Media = 1.3E-01

Total Liver HI Across All Media = 2.4E+02

Total Whole Body HI Across All Media = 3.3E-01
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TABLE 10.5.RME

RISK SUMMARY 

REASONABLE MAXIMUM EXPOSURE

Site 47 Feasibility Study 

NSF-IH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population:  Resident

Receptor Age:  Adult

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure 

Routes Total Target Organ(s) Routes Total

Groundwater Groundwater Upper Aquifer - Tap 
Water

(minus hot spot) Carbon tetrachloride NA NA NA NA Liver 1.4E-01 NA 3.8E-02 1.8E-01

Tetrachloroethene NA NA NA NA Liver, Whole body 2.6E-01 NA 1.5E-01 4.1E-01

Trichloroethene NA NA NA NA Liver 5.3E-01 NA 9.3E-02 6.3E-01

Aluminum NA NA NA NA Neurological 1.2E-01 NA 6.1E-04 1.2E-01

Arsenic NA NA NA NA Skin, Vascular 1.7E+00 NA 8.9E-03 1.7E+00

Chromium NA NA NA NA Not identified 8.1E-02 NA 3.4E-02 1.1E-01

Cyanide NA NA NA NA Whole body 3.2E+01 NA 1.7E-01 3.2E+01

Iron NA NA NA NA Gastrointestinal, Blood, Liver 9.0E-01 NA 4.7E-03 9.0E-01

Manganese NA NA NA NA CNS 3.9E-01 NA 5.0E-02 4.4E-01

Thallium NA NA NA NA Liver, Blood, Hair 1.4E+00 NA 7.4E-03 1.4E+00

Vanadium NA NA NA NA Kidney 3.2E-01 NA 6.5E-02 3.9E-01

Chemical Total N/A N/A N/A N/A 3.8E+01 0.0E+00 6.2E-01 3.8E+01

Groundwater Groundwater Upper Aquifer- Water 
Vapors at showerhead

(minus hot spot) 1,2-Dichloroethane NA NA NA NA Liver, Kidney NA 3.8E-01 NA 3.8E-01

Carbon tetrachloride NA NA NA NA Liver NA 4.8E-01 NA 4.8E-01

Naphthalene NA NA NA NA Respiratory System NA 3.4E-01 NA 3.4E-01

Chemical Total NA NA 1.2E+00 NA 1.2E+00

Medium Total NA 3.9E+01

Receptor Total NA Receptor HI Total  3.9E+01
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TABLE 10.5.RME

RISK SUMMARY 

REASONABLE MAXIMUM EXPOSURE

Site 47 Feasibility Study 

NSF-IH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population:  Resident

Receptor Age:  Adult

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure 

Routes Total Target Organ(s) Routes Total

Total Kidney HI Across All Media = 7.6E-01

Total Liver HI Across All Media = 4.4E+00

Total Blood HI Across All Media = 2.3E+00

 Total Nervous System HI Across All Media = 5.5E-01

Total Gastrointestinal HI Across All Media = 9.0E-01

Total Vascular HI Across All Media = 1.7E+00

Total Skin HI Across All Media = 1.7E+00

Total "Not identified" HI Across All Media = 1.1E-01

Total Whole Body HI Across All Media = 3.2E+01

Total Hair HI Across All Media = 1.4E+00

Total Respiratory System HI Across All Media = 3.4E-01
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TABLE 10.6.RME

RISK SUMMARY 

REASONABLE MAXIMUM EXPOSURE

Site 47 Feasibility Study 

NSF-IH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population:  Resident

Receptor Age:  Child

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure 

Routes Total Target Organ(s) Routes Total

Groundwater Groundwater Upper Aquifer - Tap 
Water

(minus hot spot) Carbon tetrachloride NA NA NA NA Liver 3.3E-01 NA 8.5E-02 4.1E-01

Tetrachloroethene NA NA NA NA Liver, Whole body 6.0E-01 NA 3.4E-01 9.4E-01

Trichloroethene NA NA NA NA Liver 1.2E+00 NA 2.1E-01 1.5E+00

cis-1,2-Dichloroethene NA NA NA NA Blood 9.6E-02 NA 8.4E-03 1.0E-01

Aluminum NA NA NA NA Neurological 2.7E-01 NA 1.8E-03 2.7E-01

Arsenic NA NA NA NA Skin, Vascular 4.0E+00 NA 2.6E-02 4.0E+00

Barium NA NA NA NA Kidney 1.8E-01 NA 1.7E-02 1.9E-01

Chromium NA NA NA NA Not identified 1.9E-01 NA 9.9E-02 2.9E-01

Cyanide NA NA NA NA Whole body 7.4E+01 NA 4.9E-01 7.5E+01

Iron NA NA NA NA Gastrointestinal, Blood, Liver 2.1E+00 NA 1.4E-02 2.1E+00

Manganese NA NA NA NA CNS 9.0E-01 NA 1.5E-01 1.1E+00

Thallium NA NA NA NA Liver, Blood, Hair 3.3E+00 NA 2.2E-02 3.3E+00

Vanadium NA NA NA NA Kidney 7.5E-01 NA 1.9E-01 9.5E-01

Chemical Total N/A N/A N/A N/A 8.8E+01 0.0E+00 1.7E+00 9.0E+01

Medium Total NA 9.0E+01

Receptor Total NA Receptor HI Total  9.0E+01

Total Kidney HI Across All Media = 1.1E+00

Total Liver HI Across All Media = 8.2E+00

Total Blood HI Across All Media = 5.5E+00

 Total Nervous System HI Across All Media = 1.3E+00

Total Gastrointestinal HI Across All Media = 2.1E+00

Total Vascular HI Across All Media = 4.0E+00

Total Skin HI Across All Media = 4.0E+00

Total "Not identified" HI Across All Media = 2.9E-01

Total Whole Body HI Across All Media = 7.6E+01

Total Hair HI Across All Media = 3.3E+00
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TABLE 10.7.RME

RISK SUMMARY 

REASONABLE MAXIMUM EXPOSURE

Site 47 Feasibility Study 

NSF-IH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population:  Resident

Receptor Age:  Child/Adult

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure 

Routes Total Target Organ(s) Routes Total

Groundwater Groundwater Upper Aquifer - Tap 
Water

(minus hot spot) 1,2-Dichloroethane 9.4E-06 NA 4.6E-07 9.9E-06 Liver NA NA NA NA

Carbon tetrachloride 7.0E-06 NA 1.8E-06 8.8E-06 Liver NA NA NA NA

Tetrachloroethene 7.5E-04 NA 4.4E-04 1.2E-03 Liver, Whole body NA NA NA NA

Trichloroethene 1.9E-05 NA 3.3E-06 2.2E-05 Liver NA NA NA NA

Vinyl chloride 4.2E-05 NA 2.2E-06 4.4E-05 Liver NA NA NA NA

bis(2-Ethylhexyl)phthalate 1.1E-06 NA 1.6E-06 2.7E-06 Liver NA NA NA NA

Arsenic 4.2E-04 NA 2.4E-06 4.2E-04 Skin, Vascular NA NA NA NA

Chemical Total 1.3E-03 N/A 4.5E-04 1.7E-03 0.0E+00 0.0E+00 0.0E+00 0.0E+00

Groundwater Groundwater Upper Aquifer- Water 
Vapors at showerhead

(minus hot spot) 1,2-Dichloroethane NA 1.6E-05 NA 1.6E-05 Liver, Kidney NA NA NA 0.0E+00

Carbon tetrachloride NA 4.9E-06 NA 4.9E-06 Liver NA NA NA 0.0E+00

Chloroform NA 1.7E-05 NA 1.7E-05 Liver NA NA NA 0.0E+00

Tetrachloroethene NA 4.7E-05 NA 4.7E-05 Kidney, Liver NA NA NA 0.0E+00

Trichloroethene NA 1.9E-05 NA 1.9E-05 NA NA NA NA 0.0E+00

Vinyl chloride NA 2.2E-06 NA 2.2E-06 Liver NA NA NA 0.0E+00

Chemical Total 0.0E+00 1.1E-04 0.0E+00 1.1E-04 NA 0.0E+00 NA 0.0E+00

Medium Total 1.8E-03 0.0E+00

Receptor Total 1.8E-03 Receptor HI Total  0.0E+00
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TABLE 10.8.RME

RISK SUMMARY

REASONABLE MAXIMUM EXPOSURE

Site 47 Feasibility Study 

NSF-IH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population:  Construction Worker

Receptor Age:  Adult

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure 

Routes Total Target Organ(s) Routes Total

Groundwater Groundwater Upper Aquifer - Water in 
excavation pit

(minus hot spot) Tetrachloroethene NA NA 6.3E-06 6.3E-06 Liver, Whole body NA NA 8.1E-02 8.1E-02

Cyanide NA NA NA NA Whole body NA NA 2.7E-01 2.7E-01

Vanadium NA NA NA NA Kidney NA NA 1.5E-02 1.5E-02

Chemical Total N/A N/A 6.3E-06 6.3E-06 0.0E+00 0.0E+00 3.7E-01 3.7E-01

Groundwater Groundwater Upper Aquifer- Water 
Vapors in excavation pit 1,2-Dichloroethane NA 2.2E-07 NA 2.2E-07 Liver, Kidney NA 1.2E-01 NA 1.2E-01

(minus hot spot) Naphthalene NA NA NA NA Respiratory System NA 1.3E-01 NA 1.3E-01

Carbon tetrachloride NA 6.2E-08 NA 6.2E-08 Liver NA 1.4E-01 NA 1.4E-01

Chloroform NA 2.2E-07 NA 2.2E-07 Liver NA 1.4E-02 NA 1.4E-02

Chemical Total 2.8E-07 2.8E-07 NA 4.1E-01 NA 4.1E-01

Medium Total 6.5E-06 7.8E-01

Receptor Total 6.5E-06 Receptor HI Total  7.8E-01

Total Kidney HI Across All Media = 1.4E-01

Total Liver HI Across All Media = 3.6E-01

Total Whole Body HI Across All Media = 3.5E-01
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TABLE 10.1.CTE

RISK SUMMARY

CENTRAL TENDENCY EXPOSURE

Site 47 Feasibility Study 

NSF-IH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population:  Resident

Receptor Age:  Adult

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure 

Routes Total Target Organ(s) Routes Total

Groundwater Groundwater Upper Aquifer - Tap 
Water

Carbon tetrachloride NA NA NA NA Liver 1.5E+02 NA 3.9E+01 1.9E+02

Chloroform NA NA NA NA Liver 6.5E+00 NA 5.5E-01 7.0E+00

Tetrachloroethene NA NA NA NA Liver, Whole body 4.5E-01 NA 2.5E-01 7.0E-01

Trichloroethene NA NA NA NA Liver 4.5E-01 NA 7.3E-02 5.2E-01

cis-1,2-Dichloroethene NA NA NA NA Blood 1.5E-01 NA 1.3E-02 1.7E-01

Arsenic NA NA NA NA Skin/vascular 7.6E-01 NA 2.5E-03 7.7E-01

Cyanide NA NA NA NA Whole body 1.2E+00 NA 3.8E-03 1.2E+00

Iron NA NA NA NA Gastrointestinal 4.4E-01 NA 1.4E-03 4.4E-01

Manganese NA NA NA NA CNS 1.3E-01 NA 1.0E-02 1.4E-01

Thallium NA NA NA NA Liver, Blood, Hair 5.4E-01 NA 1.7E-03 5.4E-01

Vanadium NA NA NA NA Kidney 4.0E-01 NA 4.9E-02 4.5E-01

Chemical Total N/A N/A N/A N/A 1.7E+02 0.0E+00 4.0E+01 2.1E+02

Groundwater Groundwater Upper Aquifer- Water 
Vapors at showerhead

1,2-Dichloroethane NA NA NA NA Liver, Kidney NA 2.2E+00 NA 2.2E+00

Carbon disulfide NA NA NA NA Nervous System NA 1.7E-01 NA 1.7E-01

Carbon tetrachloride NA NA NA NA Liver NA 7.5E+02 NA 7.5E+02

Chloroform NA NA NA NA Liver NA 1.9E+01 NA 1.9E+01

Tetrachloroethene NA NA NA NA Kidney, Liver NA 1.2E-01 NA 1.2E-01

Naphthalene NA NA NA NA Respiratory System NA 2.0E-01 NA 2.0E-01

Medium Total NA 7.7E+02

Receptor Total NA Receptor HI Total  7.7E+02
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TABLE 10.1.CTE

RISK SUMMARY

CENTRAL TENDENCY EXPOSURE

Site 47 Feasibility Study 

NSF-IH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population:  Resident

Receptor Age:  Adult

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure 

Routes Total Target Organ(s) Routes Total

Total Kidney HI Across All Media = 2.8E+00

Total Liver HI Across All Media = 9.7E+02

Total Blood HI Across All Media = 1.2E+00

 Total Nervous System HI Across All Media = 3.1E-01

Total Gastrointestinal HI Across All Media = 4.4E-01

Total Vascular HI Across All Media = 7.7E-01

Total Skin HI Across All Media = 7.7E-01

Total Whole Body HI Across All Media = 1.9E+00

Total Hair HI Across All Media = 5.4E-01

Total Respiratory System HI Across All Media = 2.0E-01
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TABLE 10.2.CTE

RISK SUMMARY 

CENTRAL TENDENCY EXPOSURE

Site 47 Feasibility Study 

NSF-IH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population:  Resident

Receptor Age:  Child

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure 

Routes Total Target Organ(s) Routes Total

Groundwater Groundwater Upper Aquifer - Tap 
Water

1,2-Dichloroethane NA NA NA NA Liver 1.3E-01 NA 3.5E-03 1.3E-01

Carbon disulfide NA NA NA NA Fetus 2.3E-01 NA 2.2E-02 2.5E-01

Carbon tetrachloride NA NA NA NA Liver 5.2E+02 NA 7.6E+01 5.9E+02

Chloroform NA NA NA NA Liver 2.2E+01 NA 1.1E+00 2.3E+01

Tetrachloroethene NA NA NA NA Liver, Whole body 1.5E+00 NA 4.9E-01 2.0E+00

Trichloroethene NA NA NA NA Liver 1.5E+00 NA 1.4E-01 1.6E+00

cis-1,2-Dichloroethene NA NA NA NA Blood 5.1E-01 NA 2.5E-02 5.4E-01

Arsenic NA NA NA NA Skin, Vascular 2.5E+00 NA 5.6E-03 2.6E+00

Cyanide NA NA NA NA Whole body 3.9E+00 NA 8.6E-03 3.9E+00

Iron NA NA NA NA Gastrointestinal, Blood, Liver 1.5E+00 NA 3.2E-03 1.5E+00

Manganese NA NA NA NA CNS 4.2E-01 NA 2.3E-02 4.5E-01

Thallium NA NA NA NA Liver, Blood, Hair 1.8E+00 NA 3.9E-03 1.8E+00

Vanadium NA NA NA NA Kidney 1.3E+00 NA 1.1E-01 1.4E+00

Chemical Total N/A N/A N/A N/A 5.5E+02 0.0E+00 7.8E+01 6.3E+02

Medium Total NA 6.3E+02

Receptor Total NA Receptor HI Total  6.3E+02

Total Kidney HI Across All Media = 1.4E+00

Total Liver HI Across All Media = 6.2E+02

Total Blood HI Across All Media = 3.8E+00

 Total Nervous System HI Across All Media = 4.5E-01

Total Gastrointestinal HI Across All Media = 1.5E+00

Total Vascular HI Across All Media = 2.6E+00

Total Skin HI Across All Media = 2.6E+00

Total Whole Body HI Across All Media = 5.9E+00

Total Hair HI Across All Media = 1.8E+00

Total Fetus HI Across All Media = 2.5E-01
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TABLE 10.3.CTE

RISK SUMMARY 

CENTRAL TENDENCY EXPOSURE

Site 47 Feasibility Study 

NSF-IH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population:  Resident

Receptor Age:  Adult/Child

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure 

Routes Total Target Organ(s) Routes Total

Groundwater Groundwater Upper Aquifer - Tap 
Water 1,1,2,2-Tetrachloroethane 8.5E-06 NA 7.2E-07 9.2E-06 Liver and Kidney NA NA NA NA

1,2-Dichloroethane 2.9E-05 NA 9.7E-07 3.0E-05 Liver NA NA NA NA
Benzene 1.5E-06 NA 1.5E-07 1.6E-06 Blood, Immune NA NA NA NA

Carbon tetrachloride 5.8E-03 NA 1.1E-03 6.9E-03 Liver NA NA NA NA
Tetrachloroethene 1.0E-03 NA 4.0E-04 1.4E-03 Liver, Whole body NA NA NA NA

Trichloroethene 1.2E-05 NA 1.4E-06 1.4E-05 Liver NA NA NA NA
Vinyl chloride 1.5E-05 NA 5.2E-07 1.5E-05 Liver NA NA NA NA

Arsenic 1.4E-04 NA 3.6E-07 1.4E-04 Skin, Vascular NA NA NA NA

Chemical Total 7.1E-03 N/A 1.5E-03 8.5E-03 N/A N/A N/A N/A

Groundwater Groundwater Upper Aquifer- Water 
Vapors at showerhead 1,1,2,2-Tetrachloroethane NA 6.4E-06 NA 6.4E-06 NA NA NA NA

NA
1,2-Dichloroethane NA 3.6E-05 NA 3.6E-05 Liver, Kidney NA NA NA NA

Benzene NA 1.1E-06 NA 1.1E-06 Blood, Immune NA NA NA NA
Carbon tetrachloride NA 2.9E-03 NA 2.9E-03 Liver NA NA NA NA

Chloroform NA 2.8E-03 NA 2.8E-03 Liver NA NA NA NA
Tetrachloroethene NA 4.4E-05 NA 4.4E-05 Kidney, Liver NA NA NA NA

Trichloroethene NA 8.6E-06 NA 8.6E-06 NA NA NA NA NA

Chemical Total NA 5.8E-03 NA 5.8E-03 NA NA NA NA

Medium Total 1.4E-02 NA

Receptor Total 1.4E-02 NA
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TABLE 10.4.CTE

RISK SUMMARY

CENTRAL TENDENCY EXPOSURE

Site 47 Feasibility Study 

NSF-IH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population:  Construction Worker

Receptor Age:  Adult

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure 

Routes Total Target Organ(s) Routes Total

Groundwater Groundwater Upper Aquifer - Water in 
excavation pit

Carbon tetrachloride NA NA 4.0E-05 4.0E-05 Liver NA NA 3.1E+01 3.1E+01

Chloroform NA NA NA NA Liver NA NA 5.0E-01 5.0E-01

Tetrachloroethene NA NA 1.5E-05 1.5E-05 Liver, Whole body NA NA 1.9E-01 1.9E-01

Vanadium NA NA NA NA Kidney NA NA 2.0E-02 2.0E-02

Chemical Total N/A N/A 5.4E-05 5.4E-05 0.0E+00 0.0E+00 3.1E+01 3.1E+01

Groundwater Groundwater Upper Aquifer- Water 
Vapors in excavation pit

Carbon tetrachloride NA 8.7E-06 NA 8.7E-06 Liver NA 1.7E+02 NA 1.7E+02

Chloroform NA 3.7E-06 NA 3.7E-06 Liver NA 4.4E+00 NA 4.4E+00

Chemical Total NA 1.2E-05 NA 1.2E-05 NA 1.7E+02 NA 1.7E+02

Medium Total 6.7E-05 2.1E+02

Receptor Total 6.7E-05 Receptor HI Total  2.1E+02

Total Kidney HI Across All Media = 2.0E-02

Total Liver HI Across All Media = 2.1E+02

Total Whole Body HI Across All Media = 1.9E-01
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TABLE 10.5.CTE

RISK SUMMARY 

CENTRAL TENDENCY EXPOSURE

Site 47 Feasibility Study 

NSF-IH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population:  Resident

Receptor Age:  Adult

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure 

Routes Total Target Organ(s) Routes Total

Groundwater Groundwater Upper Aquifer - Tap 
Water

(minus hot spot) Arsenic NA NA NA NA Skin, Vascular 2.3E-01 NA 7.3E-04 2.3E-01

Cyanide NA NA NA NA Whole body 1.2E+00 NA 3.8E-03 1.2E+00

Iron NA NA NA NA Gastrointestinal, Blood, Liver 2.8E-01 NA 9.1E-04 2.8E-01

Manganese NA NA NA NA CNS 1.3E-01 NA 1.1E-02 1.4E-01

Thallium NA NA NA NA Liver, Blood, Hair 4.8E-01 NA 1.5E-03 4.8E-01

Vanadium NA NA NA NA Kidney 1.5E-01 NA 1.9E-02 1.7E-01

Chemical Total N/A N/A N/A N/A 2.5E+00 0.0E+00 3.6E-02 2.5E+00

Groundwater Groundwater Upper Aquifer- Water 
Vapors at showerhead

(minus hot spot) 1,2-Dichloroethane NA NA NA NA Liver, Kidney NA 9.8E-02 NA 9.8E-02

Carbon tetrachloride NA NA NA NA Liver NA 1.5E-01 NA 1.5E-01

Naphthalene NA NA NA NA Respiratory System NA 1.9E-01 NA 1.9E-01

Chemical Total NA NA 4.3E-01 NA 4.3E-01

Medium Total NA 2.9E+00

Receptor Total NA Receptor HI Total  2.9E+00

Total Kidney HI Across All Media = 2.7E-01

Total Liver HI Across All Media = 1.0E+00

Total Blood HI Across All Media = 7.7E-01

 Total Nervous System HI Across All Media = 1.4E-01

Total Gastrointestinal HI Across All Media = 2.8E-01

Total Vascular HI Across All Media = 2.3E-01

Total Skin HI Across All Media = 2.3E-01

Total Whole Body HI Across All Media = 1.2E+00

Total Hair HI Across All Media = 4.8E-01

Total Respiratory System HI Across All Media = 1.9E-01
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TABLE 10.6.CTE

RISK SUMMARY 

CENTRAL TENDENCY EXPOSURE

Site 47 Feasibility Study 

NSF-IH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population:  Resident

Receptor Age:  Child

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure 

Routes Total Target Organ(s) Routes Total

Groundwater Groundwater Upper Aquifer - Tap 
Water

(minus hot spot) Carbon tetrachloride NA NA NA NA Liver 1.0E-01 NA 1.5E-02 1.2E-01

Trichloroethene NA NA NA NA Liver 1.2E-01 NA 1.2E-02 1.4E-01

Arsenic NA NA NA NA Skin, Vascular 7.6E-01 NA 1.7E-03 7.6E-01

Cyanide NA NA NA NA Whole body 4.0E+00 NA 8.7E-03 4.0E+00

Iron NA NA NA NA Gastrointestinal, Blood, Liver 9.4E-01 NA 2.1E-03 9.5E-01

Manganese NA NA NA NA CNS 4.4E-01 NA 2.4E-02 4.7E-01

Thallium NA NA NA NA Liver, Blood, Hair 1.6E+00 NA 3.5E-03 1.6E+00

Vanadium NA NA NA NA Kidney 5.0E-01 NA 4.2E-02 5.5E-01

Chemical Total N/A N/A N/A N/A 8.5E+00 0.0E+00 1.1E-01 8.6E+00

Medium Total NA 8.6E+00

Receptor Total NA Receptor HI Total  8.6E+00

Total Kidney HI Across All Media = 5.5E-01

Total Liver HI Across All Media = 2.8E+00

Total Blood HI Across All Media = 2.6E+00

 Total Nervous System HI Across All Media = 4.7E-01

Total Gastrointestinal HI Across All Media = 9.5E-01

Total Vascular HI Across All Media = 7.6E-01

Total Skin HI Across All Media = 7.6E-01

Total Whole Body HI Across All Media = 4.0E+00

Total Hair HI Across All Media = 1.6E+00
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TABLE 10.7.CTE

RISK SUMMARY 

CENTRAL TENDENCY EXPOSURE

Site 47 Feasibility Study 

NSF-IH, Indian Head, Maryland

Scenario Timeframe:  Future

Receptor Population:  Resident

Receptor Age:  Child/Adult

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure 

Routes Total Target Organ(s) Routes Total

Groundwater Groundwater Upper Aquifer - Tap 
Water

(minus hot spot) 1,2-Dichloroethane 1.3E-06 NA 4.3E-08 1.4E-06 Liver NA NA NA NA

Carbon tetrachloride 1.1E-06 NA 2.1E-07 1.3E-06 Liver NA NA NA NA

Tetrachloroethene 3.0E-05 NA 1.2E-05 4.1E-05 Liver, Whole body NA NA NA NA

Trichloroethene 1.0E-06 NA 1.2E-07 1.1E-06 Liver NA NA NA NA

Vinyl chloride 1.3E-05 NA 4.5E-07 1.3E-05 Liver NA NA NA NA

Arsenic 4.2E-05 NA 1.1E-07 4.3E-05 Skin, Vascular NA NA NA NA

Chemical Total 8.8E-05 N/A 1.3E-05 1.0E-04 0.0E+00 0.0E+00 0.0E+00 0.0E+00

Groundwater Groundwater Upper Aquifer- Water 
Vapors at showerhead

(minus hot spot) 1,2-Dichloroethane NA 1.6E-06 NA 1.6E-06 Liver, Kidney NA NA NA 0.0E+00

Chloroform NA 1.2E-06 NA 1.2E-06 Liver NA NA NA 0.0E+00

Tetrachloroethene NA 1.3E-06 NA 1.3E-06 Kidney, Liver NA NA NA 0.0E+00

Chemical Total 0.0E+00 4.1E-06 0.0E+00 4.1E-06 0.0E+00 0.0E+00 0.0E+00 0.0E+00

Medium Total 1.1E-04 0.0E+00

Receptor Total 1.1E-04 Receptor HI Total  0.0E+00
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Appendix E 
 ARARs

 



Chemicals & 
Relevant Media Requirement Prerequisites Citation ARAR or TBC Comments

Groundwater, 
residential water 
supplies

Meet National Primary 
Standards for maximum 
contaminant levels (MCLs).

Drinking water source or 
potential source

Safe Drinking Water 
Act (SDWA): 40 CFR 
141 National Primary 
Drinking Water 
Regulations.

Applicable Regulation does not apply where 
groundwater quality has concentrations 
of total dissolved solids (TDS) greater 
than 2,500 mg/L. In these instances, the 
Medium-Specific Concentration for 
groundwater may be multiplied by 100. 

Surface water Water Management Program 
approval for short-term 
discharges and NPDES for 
long-term discharges.

Surface water 
discharges

CWA: 40 CFR 122-
123 NPDES permit 
program

Applicable

Surface waters of 
the State

Protect and maintain the 
quality of surface water in the 
State of Maryland. Criteria and 
standards for discharges. 
Limitations and policy for 
antidegradation of the State's 
surface water.

Activities that will pollute 
the State's surface 
waters

COMAR 26.08, 
chapters 1 through 7

Applicable This regulation is applicable for remedial 
actions that may affect surface water 
quality in the State of Maryland.

Surface water Ambient Water Quality Criteria 
established to protect aquatic 
life and human consumers of 
water or aquatic life.

Activities that affect or 
may affect the surface 
water onsite

40 CFR 129 Applicable These regulations were used in the 
development of PRGs for Site 47.

Carcinogens in 
groundwater and 
surface water

Not to exceed media-specific 
concentration that causes an 
incremental lifetime cancer 
risk of between 1 in 10,000 
and 1 in 100,000.

Potential exposure NCP TBC Use to calculate site-specific PRGs for 
Site 47 groundwater.

Systemic toxicants 
in groundwater and 
surface water

Not to exceed media-specific 
levels where people could be 
exposed by direct ingestion or 
inhalation on a daily basis 
without appreciable risk of 
deleterious effects.

Potential exposure NCP TBC Use to calculate site-specific PRGs for 
groundwater.

Groundwater Guidance for remedial actions 
based on land use and 
projected use of groundwater 
for potable use

Cleanup Standard for 
Type I & II Aquifers

MDE Guidance 2001 TBC Not considered in FS due to interim 
status of standards.

Air Emissions limitations related 
to attainment of National 
Ambient Air Quality Standards 
and Emission Standards for 
Hazardous Air Pollutants.

Air emissions Clean Air Act (CAA). 
Annotated code of 
Maryland  Title 2

Applicable May apply to alternatives involving air 
emissions.

ARAR - Applicable or relevant and appropriate requirement
CAA - Clean Air Act OSHA - Occupational Safety and Health Administration RCRA - Resource Conservation and Recovery Act
CFR - Code for Federal Regulations

COMAR - Code of Maryland Regulations SDWA - Safe Drinking Water Act
CWA - Clean Water Act SMCLs - Secondary Maximum Contaminant Levels
EPA - U.S. Environmental Protection Agency TBC - To be considered

CERCLA - Comprehensive Environmental Response, 
Compensation, and Liability Act

Table E-1

Site 47 Feasibility Study
NSF-IH, Indian Head, Maryland

NPDES - National Pollutant Discharge Elimination System.

Chemical-Specific ARARs



Table E-2
Location-Specific ARARs 

Applicability
Location Requirement Prerequisite Citation Determination Comments

Federal Location-Specific ARARs
Historic Sites, Buildings, and Antiquities Act
Historic sites Avoid undesirable impacts on landmarks. Areas designated as historic 16 USC 461-467; Relevant and The regulations are relevant and appropriate in situations where

sites. 40 CFR 6.301 (a) Appropriate remedial actions may adversely affect the historical structures
located on Site 47.

Endangered Species Act of 1973
Critical habitat upon Action to conserve endangered species or threatened species, Determination of effect upon 16 USC 1531; Relevant and 
which endangered including consultation with the Department of the Interior. endangered or threatened 16 USC 1536(a); Appropriate
species or threatened Reasonable mitigation and enhancement measures must be species or their habitat by 50 CFR 81, 225, 402
species depend. taken, including live propagation, transplantation, conducting biological assessments.

and habitat acquisition and improvement.
Fish and Wildlife Coordination Act, Fish and Wildlife Improvement Act of 1978, Fish and Wildlife Conservation Act of 1980
Area affecting streams Provides protection for actions that would Diversion, channeling or other 16 USC 661; Applicable Response actions will incorporate protection against
or other water body affect streams, wetlands, other water activity that modifies a stream or 16 USC 662; any area water body, wetlands, or protected habitats.

bodies or protected habitats.  Any action other water body and affects fish 16 USC 742a;
taken should protect fish or wildlife. or wildlife. 16 USC 2901;

50 CFR 83
Procedures for Implementing the Requirements of the Council on Environmental Quality on the National Environmental Policy Act and Executive Order 11990, Protection of Wetlands
Wetland Action to minimize the destruction, loss, or degradation of Wetlands as defined by Executive 40 CFR 6, Applicable This regulation may be an ARAR for activities occurring in areas that 

wetlands.  Wetlands of primary ecological significance must Order 11990 Section 7. Appendix A, excluding meet the definition of a wetland. Remedial activities must minimize 
not be altered so that ecological systems in the wetlands Sections 6(a)(2), the destruction, loss, or degradation of the wetlands.
are unreasonably disturbed. 6(a)(4), 6(a)(6);

40 CFR 6.302
Clean Water Act, Section 404
Wetland The degradation Section requires degradation or destruction of Wetland as defined by Executive 40 CFR 230.10; Applicable Wetlands and navigable waters are present in the vicinity of

wetlands and other aquatic sites be avoided to the extent possible. Order 11990 Section 7. 40 CFR 231 Site 47. Remedial activities will comply with  the requirements of
(231.1, 231.2, this section of the Clean Water Act.

Dredged or fill material must not be discharged to navigable 231.7, 231.8)
waters if the activity: contributes to the violation of Maryland
water quality standards; CWA Sec. 307; jeopardizes
endangered or threatened species; or violates requirements
of the Title III of the Marine Protection, Research,
and Sanctuaries Act of 1972.

Surface Water Ambient Water Quality Criteria established to protect aquatic Activities that affect or may affect 40 CFR 129 Applicable These regulations were used in the development of the PRGs for Site 47.
life and human consumers of water aquatic life. the surface water onsite

Hazardous Waste Control Act (HWCA)

Within 100-year Facility must be designed, constructed, RCRA hazardous waste; 40 CFR TBC
floodplain operated, and maintained to avoid washout. treatment, storage, or disposal of 264.18 (b)

hazardous waste.
Executive Order 11988, Protection of Floodplains
Within floodplain Actions taken should avoid adverse effects, Action that will occur in a 40 CFR 6, Applicable Portions of Site 47 are within the 100-year flood zones,

minimize potential harm, restore and preserve floodplain, i.e., lowlands, and Appendix A; excluding therefore the requirements of this regulation are applicable for
natural and beneficial values. relatively flat areas adjoining Sections 6(a)(2), any response actions that might involve the use of these

inland and coastal waters and 6(a)(4), 6(a)(6); areas.
other flood-prone areas. 40 CFR 6.302

Threatened and Endangered Species

Critical habitat upon Requires action to conserve endangered or threatened fish Determination of effect upon COMAR 08.03.08 Potentially
which endangered species and the critical habitats they depend on.  May not reduce endangered or threatened  applicable
species or threatened the likelihood of either the survival or recovery of a listed species species or its habitat.
species depend. in the wild by reducing the reproduction, numbers or distribution

of a listed species or otherwise adversely affect the species.

Site 47 Feasibility Study
NSF-IH, Indian Head, Maryland

State Location-Specific ARARs

Portions of Site 47 are within the 100-year flood zones. However, actions are 
not expected to involve hazardous waste. This would be TBC for 
nonhazardous waste.

There are no records of federal endangered plant and animal species located 
at the site. These regulations are applicable only if this situation changes.

There are no records of state or federal endangered or threatened plant and 
animal species located within the site, based on inquiries to the Maryland 
DNR. These regulations are applicable if this situation changes.
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Table E-2
Location-Specific ARARs 

Applicability
Location Requirement Prerequisite Citation Determination Comments

Site 47 Feasibility Study
NSF-IH, Indian Head, Maryland

Threatened and Endangered Fish Species
Critical habitat upon Requires action to conserve endangered or Determination of effect upon COMAR 08.02.12 Potentially
which endangered threatened fish species and the critical habitats endangered or threatened  applicable
or threatened fish they depend on. fish species or its habitat.
species depend.
Fish and Fisheries
Fisheries, locations Requirements to conserve species of fish for human Determination of effect upon Annotated Code of Applicable Fish species inhabit the Potomac River. If response actions
where species enjoyment, for scientific purposes and to ensure their fish species or its habitat. Maryland Title 4 may affect these species, the requirements of this title are applicable.
of fish exist perpetuation as viable components of their ecosystems.
Wildlife
Areas inhabited Requirements to conserve species of wildlife for human Determination of effect upon Annotated Code of Applicable There are wildlife species are present at the site.  
by wildlife enjoyment, for scientific purposes and to ensure their wildlife species or its habitat. Maryland Title 10 If response actions may affect these species, the requirements

perpetuation as viable components of their ecosystems. of this title are applicable.
Nontidal Wetlands Protection Act, Maryland Nontidal Wetlands Regulations
Wetland Provides regulations for activities on or near nontidal wetlands Activities that will occur on or COMAR 26.23; Applicable Nontidal wetlands are present at the site.

(an area that is inundated or saturated by surface water or near nontidal wetlands. Annotated Code of A permit or letter of exemption from the Department of 
ground water at a frequency and duration sufficient to support, Maryland, Title 5; Natural Resources is required if remedial activities involve 
and that under normal circumstances does support, a Code of MD, Title 8-1201; activities on or in nontidal wetlands.
prevalence of vegetation typically adapted for life in saturated
soil conditions).  Must obtain a permit from the State in order to
conduct certain regulated activities in a nontidal wetland, or
within a buffer or an expanded buffer.

Wetlands and Riparian Rights
Wetlands Requirements to preserve wetlands and prevent their destruction; Activities that can affect the Annotated Code of Applicable Wetlands (tidal and nontidal) are present at the site.

requires a license for dredging or filling of wetlands. integrity of wetlands, such as Maryland Title 16 The requirements of this title are applicable for any response 
dredging or filling. actions that may affect the integrity of these wetlands.

Construction on Nontidal Waters and Floodplains
Nontidal waters and Protect and maintain nontidal waterways and/or state of Activities that affect nontidal COMAR 08.05.03 Potentially Any remedial actions involving alteration to the streams bounding Site 47
floodplains Maryland floodplains must follow these regulations waterways and floodplains Applicable or floodplains (including temporary construction) are subject to these

requirements.
Water Pollution Control Law
Waters of Establishes effective programs and provides Activities that will pollute the COMAR 9, Parts Applicable This regulation is applicable for remedial actions that may affect
the State additional and cumulative remedies to prevent, abate, waters in the state. 301-351 water quality in the streams around Site 47.

and control pollution of the waters in the state.
Maryland Water Pollution Control Regulations
Surface waters Protect and maintain the quality of surface water  in the Activities that will pollute the COMAR 26.08, Applicable This regulation is applicable for remedial actions that may affect
of the State State of Maryland.  Criteria and standards for discharges surface waters of the state. Chapters 01-07 surface water quality in the State of Maryland.

limitations and policy for antidegradation of the State's limitations 
and policy for antidegradation of the State's surface water.

These regulations are applicable if remedial actions may jeopardize 
endangered or threatened fish species. Currently, there are no federal or state 
endangered fish species at the site.
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Table E-2
Location-Specific ARARs 

Applicability
Location Requirement Prerequisite Citation Determination Comments

Site 47 Feasibility Study
NSF-IH, Indian Head, Maryland

Water Management
Water resources Provides for the conservation and protection of the water Activities that affect the water COMAR 26.17.01 Applicable The design for the remedial actions will incorporate the requirements of 
of the State resources of the State by requiring that any land-clearing, resources of the State. COMAR 26.17.02, this regulation.

grading, or other earth disturbances require an erosion- and Annotated Code of
sediment-control plan.  Also provides that stormwater must be Maryland Title 4
managed to prevent offsite sedimentation and maintain current
site conditions.

ARARs - Applicable or relevant and appropriate requirements.         DON - Department of Navy. TBC - To Be Considered.

RCRA - Resource Conservation and Recovery Act.                          EO - Executive Order

CFR - Code of Federal Regulations. FR - Federal Register.

COMAR - Code of Maryland Regulations HWCA - Hazardous Waste Control Act.
CWA- Clean Water Act. USC - United States Code.
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Table E-3
Action-Specific ARARs

ARAR
Action Requirement Prerequisite Citation Determination Comments

Federal Action-Specific ARARs
Resource Conservation and Recovery Act (RCRA) 42 USC 6901 et seq.* 
Onsite waste Waste generator shall determine if waste is Generator of hazardous 40 CFR Applicable Applicable for any operation where waste
generation hazardous waste. waste. 262.10 (a), is generated. Remedial alternatives for Site 47

262.11 may generate contaminated wastes.
Hazardous waste Generator may accumulate waste on Accumulate hazardous 40 CFR 262.34 Potentially If waste generated at the site is determined
accumulation site for 90 days or less or must comply with waste. applicable to be hazardous, any storage of the hazardous

requirements for operating a storage facility. waste will not exceed 90 days. Accumulation
of hazardous wastes onsite for longer than
90 days would be subject to the substantive
RCRA requirements for storage facilities.

Recordkeeping Generator must keep records. Generate hazardous 40 CFR 262.40 Potentially Administrative requirements are not
waste. applicable ARARs for onsite CERCLA actions.

Excavation Movement of excavated materials to new Materials containing 40 CFR 268.40 Potentially Applicable to disposal of soil to a new 
location and placement in or on land will trigger RCRA hazardous wastes applicable location and placement in or on land containing 
land disposal restrictions for the excavated subject to land disposal land-disposal-restricted RCRA hazardous 
waste or closure requirements for the unit in restrictions are placed in waste. The wastes generated from response 
which the waste is being placed. another unit. actions at the site may be RCRA 

hazardous wastes. 
Safe Drinking Water Act
Actions that affect Promulgates National Primary Drinking Water Actions that affect 40 CFR 141 Relevant and These regulations are ARARs for 
drinking water supply Standard Maximum Contaminant Levels (MCLs) drinking water supply appropriate remedial actions at Site 47 that affect the

groundwater.
U.S. Department of Transportation, 49 USC 1802, et seq.*
Hazardous No person shall represent that a container or Interstate carriers 49 CFR 171.2(f) Potentially Offsite transport of hazardous materials must
Materials package is safe unless it meets the requirements of transporting hazardous applicable comply with both substantive and administrative
Transportation 49 USC 1802, et seq. or represent that a waste and substances by requirements.

hazardous material is present in a package motor vehicle. Transportation
or motor vehicle if it is not. of hazardous material under

contract with any department
of the executive branch of
the Federal Government.

No person shall unlawfully alter or deface labels, 49 CFR 171.2(g) Potentially
placards, or descriptions, packages, containers, applicable
or motor vehicles used for transportation of
hazardous materials.

Hazardous Each person who offers hazardous material for Person who offers 49 CFR 172.300 Potentially
Materials transportation or each carrier that transports it hazardous material for applicable
Marking, shall mark each package, container, and vehicle transportation; carries
Labeling, and in the manner required. hazardous material; or
Placarding packages, labels, or placards

hazardous material.
Each person offering non-bulk hazardous materials 49 CFR 172.301 Potentially
for transportation shall mark the proper shipping applicable
name and identification number (technical
name) and consignee's name and address.

To be determined.  Offsite transport of hazardous 
materials must comply with both substantive and 
administrative requirements.

Site 47 Feasibility Study
NSF-IH, Indian Head, Maryland
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Table E-3
Action-Specific ARARs

ARAR
Action Requirement Prerequisite Citation Determination Comments

Site 47 Feasibility Study
NSF-IH, Indian Head, Maryland

Hazardous Hazardous materials for transportation in bulk Person who offers 49 CFR 172.302 Potentially
Materials packages must be labeled with proper identification hazardous material for applicable
Marking, (ID) number, specified in 49 CFR 172.101 table, transportation; carries
Labeling, and with required size of print.  Packages must remain hazardous material; or
Placarding (cont.) marked until cleaned or refilled with material packages, labels, or placards

requiring other marking. hazardous material.

No package marked with a proper shipping name 49 CFR 172.303 Potentially To be determined. Offsite transport of 
or ID number may be offered for transport or applicable hazardous materials must comply with both
transported unless the package contains the substantive and administrative requirements.
identified hazardous material or its residue.
The marking must be durable, in English, in 49 CFR 172.304 Potentially
contrasting colors, unobscured, and away from other applicable
markings.
Labeling of hazardous material packages shall be Person who offers 49 CFR 172.400 Potentially
as specified in the list. hazardous material for applicable

transportation; carries
Non-bulk combination packages containing liquid hazardous material; or 49 CFR 172.312 Potentially
hazardous materials must be packed with closures packages, labels, or applicable
upward, and marked with arrows pointing upward. placards hazardous

material.

Each bulk packaging or transport vehicle containing 49 CFR 172.504 Potentially
any quantity of hazardous material must be applicable
placarded on each side and each end with the
type of placards listed in Tables 1 and 2 of 
49 CFR 172.504.

Occupational Safety and Health Administration (OSHA)
Hazardous waste Requirements for hazardous waste workers such as Hazardous waste 29 CFR 1904, Applicable Remedial action activities at the site 
work training, personal protective equipment (PPE), and work. 29 CFR 1910, will involve hazardous waste workers;

clothing must be met. 29 CFR 1926 therefore the requirements of OSHA
must be met.

Maryland Hazardous Waste Regulations
Storage, treatment Regulations and procedures for the Handling of hazardous COMAR 26.13.01 through Potentially Any hazardous waste found during site
or disposal, and identifications, listing, transportation,  wastes COMAR 26.13.04, Applicable remediation will be disposed of according to
transportation of treatment, storage, and disposal of hazardous Annotated Code of regulations.
hazardous waste wastes must be met. Maryland Title 7

Any residues or by-products from treatment
systems that are hazardous must be
disposed of properly.

Solid Waste and Water Supply Regulations
Well Construction Specifications for well construction and abandonment COMAR 26.04.03 (A&D); Applicable The requirements of this regulation
and Abandonment must be met.  Also provides a mechanism to provide the COMAR 26.04.04 are applicable to the response actions 

State of Maryland with a database of existing and abandoned at the site if monitoring wells have to be 
wells.  Permits are required for well construction. installed or abandoned.

State Action-Specific ARARs
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Table E-3
Action-Specific ARARs

ARAR
Action Requirement Prerequisite Citation Determination Comments

Site 47 Feasibility Study
NSF-IH, Indian Head, Maryland

Stormwater Management
Design and Regulations require the design and COMAR 26.17.02 Applicable The remedial action will incorporate
construction construction of a system necessary to measures to control and manage

control stormwater. stormwater as necessary.

Erosion and Sediment Control
Land clearing, grading, Regulations require the preparation and Land clearing, grading, COMAR 26.17.01 Potentially The remedial action will incorporate
and earth disturbances implementation of a plan to control erosion and earth disturbances Applicable the standards required for clearing,

and sediment for activities involving land grading, and other earth disturbances,
clearing, and grading and earth disturbances. including compliance with county and
Erosion and sediment control criteria are municipal erosion and sediment control
also established. ordinances, and the Commission's 

erosion- and sedimentation-control regulations.
Maryland Drinking Water Law
Actions that affect Ensures that the State has the primary enforcement Action causing pollution of COMAR 9.04, Parts Applicable This regulation may be an ARAR for Site 47 if
state drinking water responsibility for drinking water standards under drinking water supply 401-413 activities that affect water quality are conducted.

the Federal Safe Drinking Water Act.
Occupational, Industrial, and Residential Hazards
Action that will Limits set on the levels of noise must Action that will generate COMAR 26.02.03.02A (2) Applicable During site remediation work,
generate noise be met; these limits are protective of noise and B(2), COMAR the maximum allowable noise levels

the health, welfare, and property of 26.02.03.02.03A, will not be exceeded at site boundaries.
the people in the State of Maryland.  The Annotated Code of 
maximum permitted levels for construction Maryland Title 3
activities may not exceed 90 dBA during
the day and 75 dBA during night.

Air Quality
Actions that involve Provides ambient air quality standards, general emissions Actions that involve COMAR 26.11 Applicable May apply to alternatives involving air emissions.
emissions to air standards, and restrictions for air emissions from emissions to air above 

construction activities, vents, and treatment technologies specific limits.
such as incinerators. Also includes nuisance and odor
control.  Construction activities may emit particulate matter
into the ambient air.  Remedial activities must follow
regulations.

Statutes and policies, and their citations, are provided as headings to identify general categories of potential ARARs. Specific potential ARARs are addressed in the table below each heading
Acronyms used in the table:

EPA - U.S. Environmental Protection Agency
ARAR - Applicable or relevant and appropriate requirement NPDES - National Pollutant Discharge Elimination System.
CAA - Clean Air Act OSHA - Occupational Safety and Health Administration
RCRA - Resource Conservation and Recovery Act CERCLA - Comprehensive Environmental Response, Compensation, and Liability Act
CFR - Code for Federal Regulations SDWA - Safe Drinking Water Act
COMAR - Code of Maryland Regulations SMCLs - Secondary Maximum Contaminant Levels
CWA - Clean Water Act TBC - To be considered
DOT - U.S. Department of Transportation USC - United States Code

Design and construction 
activities
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  Data Input Instructions:

    Remediation Timeframe Decision Support System
     Air Force Center for Environmental Excellence                 Version 1.0

    METHOD 1:  DISSOLVED PHASE CONSTITUENTS

Original Constituent Concentration C o (mg/L)

Desired Cleanup Level C t (mg/L)

Length of Source Zone Parallel to (ft/yr)
Groundwater Flow L (ft)

      
Groundwater Seepage Velocity V x (ft/yr) (mg/L)

Retardation Factor R (-)

Soil Bulk Density Rho (kg/L)

Partition Coefficient K oc (L/kg)

Fraction Organic Carbon f oc (-)

Effective Porosity n e (-)

    METHOD 2:  NAPL ZONE CONSTITUENTS
Type of Media

Initial Aqueous-Phase Concentration in 
Source Zone Under Natural Flow Conditions C s 39 (mg/L)

Desired Cleanup Concentration C t 0.0633 (mg/L)

Density of NAPL Fluid Rho 1.595 (g/mL)

Initial NAPL Saturation in Porous Media S o 0.25 (%)

Uncertainty in NAPL Saturation Factor of 100 1.56E+00 (-) 1.56E+02 (-) 1.56E+04 (-)
Low End Estimate Mid Range Estimate High End Estimate

Natural Groundwater Seepage Velocity V s 10.68 (ft/yr) 1.46E+01 (yrs) 1.46E+03 (yrs) 1.46E+05 (yrs)

Length of Source Zone Parallel to Low End Estimate Mid Range Estimate High End Estimate

Groundwater Flow L 100 (ft)
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  Data Input Instructions:

    Remediation Timeframe Decision Support System
     Air Force Center for Environmental Excellence                 Version 1.0

    METHOD 1:  DISSOLVED PHASE CONSTITUENTS

Original Constituent Concentration C o (mg/L)

Desired Cleanup Level C t (mg/L)

Length of Source Zone Parallel to (ft/yr)
Groundwater Flow L (ft)

      
Groundwater Seepage Velocity V x (ft/yr) (mg/L)

Retardation Factor R (-)

Soil Bulk Density Rho (kg/L)

Partition Coefficient K oc (L/kg)

Fraction Organic Carbon f oc (-)

Effective Porosity n e (-)

    METHOD 2:  NAPL ZONE CONSTITUENTS
Type of Media

Initial Aqueous-Phase Concentration in 
Source Zone Under Natural Flow Conditions C s 39 (mg/L)

Desired Cleanup Concentration C t 0.005 (mg/L)

Density of NAPL Fluid Rho 1.595 (g/mL)

Initial NAPL Saturation in Porous Media S o 0.25 (%)

Uncertainty in NAPL Saturation Factor of 100 2.43E+00 (-) 2.43E+02 (-) 2.43E+04 (-)
Low End Estimate Mid Range Estimate High End Estimate

Natural Groundwater Seepage Velocity V s 10.68 (ft/yr) 2.28E+01 (yrs) 2.28E+03 (yrs) 2.28E+05 (yrs)

Length of Source Zone Parallel to Low End Estimate Mid Range Estimate High End Estimate

Groundwater Flow L 100 (ft)
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CT with MCL cleanup
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  Data Input Instructions:

    Remediation Timeframe Decision Support System
     Air Force Center for Environmental Excellence                 Version 1.0

    METHOD 1:  DISSOLVED PHASE CONSTITUENTS

Original Constituent Concentration C o (mg/L)

Desired Cleanup Level C t (mg/L)

Length of Source Zone Parallel to (ft/yr)
Groundwater Flow L (ft)

      
Groundwater Seepage Velocity V x (ft/yr) (mg/L)

Retardation Factor R (-)

Soil Bulk Density Rho (kg/L)

Partition Coefficient K oc (L/kg)

Fraction Organic Carbon f oc (-)

Effective Porosity n e (-)

    METHOD 2:  NAPL ZONE CONSTITUENTS
Type of Media

Initial Aqueous-Phase Concentration in 
Source Zone Under Natural Flow Conditions C s 2.7 (mg/L)

Desired Cleanup Concentration C t 0.455 (mg/L)

Density of NAPL Fluid Rho 1.624 (g/mL)

Initial NAPL Saturation in Porous Media S o 0.25 (%)

Uncertainty in NAPL Saturation Factor of 100 1.67E+01 (-) 1.67E+03 (-) 1.67E+05 (-)
Low End Estimate Mid Range Estimate High End Estimate

Natural Groundwater Seepage Velocity V s 10.68 (ft/yr) 1.56E+02 (yrs) 1.56E+04 (yrs) 1.56E+06 (yrs)

Length of Source Zone Parallel to Low End Estimate Mid Range Estimate High End Estimate

Groundwater Flow L 100 (ft)
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  Data Input Instructions:

    Remediation Timeframe Decision Support System
     Air Force Center for Environmental Excellence                 Version 1.0

    METHOD 1:  DISSOLVED PHASE CONSTITUENTS

Original Constituent Concentration C o (mg/L)

Desired Cleanup Level C t (mg/L)

Length of Source Zone Parallel to (ft/yr)
Groundwater Flow L (ft)

      
Groundwater Seepage Velocity V x (ft/yr) (mg/L)

Retardation Factor R (-)

Soil Bulk Density Rho (kg/L)

Partition Coefficient K oc (L/kg)

Fraction Organic Carbon f oc (-)

Effective Porosity n e (-)

    METHOD 2:  NAPL ZONE CONSTITUENTS
Type of Media

Initial Aqueous-Phase Concentration in 
Source Zone Under Natural Flow Conditions C s 2.7 (mg/L)

Desired Cleanup Concentration C t 0.005 (mg/L)

Density of NAPL Fluid Rho 1.624 (g/mL)

Initial NAPL Saturation in Porous Media S o 0.25 (%)

Uncertainty in NAPL Saturation Factor of 100 2.30E+01 (-) 2.30E+03 (-) 2.30E+05 (-)
Low End Estimate Mid Range Estimate High End Estimate

Natural Groundwater Seepage Velocity V s 10.68 (ft/yr) 2.15E+02 (yrs) 2.15E+04 (yrs) 2.15E+06 (yrs)

Length of Source Zone Parallel to Low End Estimate Mid Range Estimate High End Estimate

Groundwater Flow L 100 (ft)
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    enter any data.)
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  Data Input Instructions:

    Remediation Timeframe Decision Support System
     Air Force Center for Environmental Excellence                 Version 1.0

    METHOD 1:  DISSOLVED PHASE CONSTITUENTS

Original Constituent Concentration C o 0.5 (mg/L)

Desired Cleanup Level C t 0.0633 (mg/L)

Length of Source Zone Parallel to (ft/yr)
Groundwater Flow L 100 (ft)

Groundwater Seepage Velocity V x 10.68 (ft/yr) (mg/L)

Retardation Factor R 2.12 (-)

Soil Bulk Density Rho 1.85 (kg/L)

Partition Coefficient K oc 152 (L/kg)

Fraction Organic Carbon f oc 0.001 (-)

Effective Porosity n e 0.25 (-)

    METHOD 2:  NAPL ZONE CONSTITUENTS
Type of Media

Initial Aqueous-Phase Concentration in 
Source Zone Under Natural Flow Conditions C s (mg/L)

Desired Cleanup Concentration C t (mg/L)

Density of NAPL Fluid Rho (g/mL)

Initial NAPL Saturation in Porous Media S o (%)

Uncertainty in NAPL Saturation Factor of 3.57E+00 (-)

Natural Groundwater Seepage Velocity V s (ft/yr) 3.34E+01 (yrs)

Length of Source Zone Parallel to 
Groundwater Flow L (ft)
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2. Calculate by filling in blue cells. 
    Press Enter, then hit "Calculate" 
b3. Value calculated by model. (Don't 
    enter any data.)

115

±



  Data Input Instructions:

    Remediation Timeframe Decision Support System
     Air Force Center for Environmental Excellence                 Version 1.0

    METHOD 1:  DISSOLVED PHASE CONSTITUENTS

Original Constituent Concentration C o 0.03 (mg/L)

Desired Cleanup Level C t 0.005 (mg/L)

Length of Source Zone Parallel to (ft/yr)
Groundwater Flow L 100 (ft)

Groundwater Seepage Velocity V x 10.68 (ft/yr) (mg/L)

Retardation Factor R 2.12 (-)

Soil Bulk Density Rho 1.85 (kg/L)

Partition Coefficient K oc 152 (L/kg)

Fraction Organic Carbon f oc 0.001 (-)

Effective Porosity n e 0.25 (-)

    METHOD 2:  NAPL ZONE CONSTITUENTS
Type of Media

Initial Aqueous-Phase Concentration in 
Source Zone Under Natural Flow Conditions C s (mg/L)

Desired Cleanup Concentration C t (mg/L)

Density of NAPL Fluid Rho (g/mL)

Initial NAPL Saturation in Porous Media S o (%)

Uncertainty in NAPL Saturation Factor of 2.97E+00 (-)

Natural Groundwater Seepage Velocity V s (ft/yr) 2.79E+01 (yrs)

Length of Source Zone Parallel to 
Groundwater Flow L (ft)
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1. Enter value directly....or

2. Calculate by filling in blue cells. 
    Press Enter, then hit "Calculate" 
b3. Value calculated by model. (Don't 
    enter any data.)
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  Data Input Instructions:

    Remediation Timeframe Decision Support System
     Air Force Center for Environmental Excellence                 Version 1.0

    METHOD 1:  DISSOLVED PHASE CONSTITUENTS

Original Constituent Concentration C o 0.5 (mg/L)

Desired Cleanup Level C t 0.005 (mg/L)

Length of Source Zone Parallel to (ft/yr)
Groundwater Flow L 100 (ft)

Groundwater Seepage Velocity V x 10.68 (ft/yr) (mg/L)

Retardation Factor R 2.12 (-)

Soil Bulk Density Rho 1.85 (kg/L)

Partition Coefficient K oc 152 (L/kg)

Fraction Organic Carbon f oc 0.001 (-)

Effective Porosity n e 0.25 (-)

    METHOD 2:  NAPL ZONE CONSTITUENTS
Type of Media

Initial Aqueous-Phase Concentration in 
Source Zone Under Natural Flow Conditions C s (mg/L)

Desired Cleanup Concentration C t (mg/L)

Density of NAPL Fluid Rho (g/mL)

Initial NAPL Saturation in Porous Media S o (%)

Uncertainty in NAPL Saturation Factor of 5.55E+00 (-)

Natural Groundwater Seepage Velocity V s (ft/yr) 5.19E+01 (yrs)

Length of Source Zone Parallel to 
Groundwater Flow L (ft)
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or
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1. Enter value directly....or

2. Calculate by filling in blue cells. 
    Press Enter, then hit "Calculate" 
b3. Value calculated by model. (Don't 
    enter any data.)

115
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  Data Input Instructions:

    Remediation Timeframe Decision Support System
     Air Force Center for Environmental Excellence                 Version 1.0

    METHOD 1:  DISSOLVED PHASE CONSTITUENTS

Original Constituent Concentration C o 1.25 (mg/L)

Desired Cleanup Level C t 0.455 (mg/L)

Length of Source Zone Parallel to (ft/yr)
Groundwater Flow L 100 (ft)

Groundwater Seepage Velocity V x 10.68 (ft/yr) (mg/L)

Retardation Factor R 2.96 (-)

Soil Bulk Density Rho 1.85 (kg/L)

Partition Coefficient K oc 265 (L/kg)

Fraction Organic Carbon f oc 0.001 (-)

Effective Porosity n e 0.25 (-)

    METHOD 2:  NAPL ZONE CONSTITUENTS
Type of Media

Initial Aqueous-Phase Concentration in 
Source Zone Under Natural Flow Conditions C s (mg/L)

Desired Cleanup Concentration C t (mg/L)

Density of NAPL Fluid Rho (g/mL)

Initial NAPL Saturation in Porous Media S o (%)

Uncertainty in NAPL Saturation Factor of 3.17E+00 (-)

Natural Groundwater Seepage Velocity V s (ft/yr) 2.97E+01 (yrs)

Length of Source Zone Parallel to 
Groundwater Flow L (ft)

 

IS47MW04
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METHOD 2: Continued

Concentration in Produced Groundwater as a Result of
Mass Transfer Effects is

OUTPUT GRAPH
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 2)   Time  to Flush Out Constituents and
        Achieve Desired Cleanup Level 

 1)   The Number of Pore Volumes Required 
        to Reach Desired Cleanup Level 

What is the Typical Groundwater Seepage Velocity
While Pumping?

or

115
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1. Enter value directly....or

2. Calculate by filling in blue cells. 
    Press Enter, then hit "Calculate" 
b3. Value calculated by model. (Don't 
    enter any data.)

115
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  Data Input Instructions:

    Remediation Timeframe Decision Support System
     Air Force Center for Environmental Excellence                 Version 1.0

    METHOD 1:  DISSOLVED PHASE CONSTITUENTS

Original Constituent Concentration C o 0.012 (mg/L)

Desired Cleanup Level C t 0.005 (mg/L)

Length of Source Zone Parallel to (ft/yr)
Groundwater Flow L 100 (ft)

Groundwater Seepage Velocity V x 10.68 (ft/yr) (mg/L)

Retardation Factor R 2.96 (-)

Soil Bulk Density Rho 1.85 (kg/L)

Partition Coefficient K oc 265 (L/kg)

Fraction Organic Carbon f oc 0.001 (-)

Effective Porosity n e 0.25 (-)

    METHOD 2:  NAPL ZONE CONSTITUENTS
Type of Media

Initial Aqueous-Phase Concentration in 
Source Zone Under Natural Flow Conditions C s (mg/L)

Desired Cleanup Concentration C t (mg/L)

Density of NAPL Fluid Rho (g/mL)

Initial NAPL Saturation in Porous Media S o (%)

Uncertainty in NAPL Saturation Factor of 3.17E+00 (-)

Natural Groundwater Seepage Velocity V s (ft/yr) 2.97E+01 (yrs)

Length of Source Zone Parallel to 
Groundwater Flow L (ft)
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METHOD 2: Continued

Concentration in Produced Groundwater as a Result of
Mass Transfer Effects is

OUTPUT GRAPH

RESULTS

Site Location:
Constituent:

 2)   Time  to Flush Out Constituents and
        Achieve Desired Cleanup Level 

 1)   The Number of Pore Volumes Required 
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1. Enter value directly....or

2. Calculate by filling in blue cells. 
    Press Enter, then hit "Calculate" 
b3. Value calculated by model. (Don't 
    enter any data.)

115
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  Data Input Instructions:

    Remediation Timeframe Decision Support System
     Air Force Center for Environmental Excellence                 Version 1.0

    METHOD 1:  DISSOLVED PHASE CONSTITUENTS

Original Constituent Concentration C o 0.5 (mg/L)

Desired Cleanup Level C t 0.455 (mg/L)

Length of Source Zone Parallel to (ft/yr)
Groundwater Flow L 100 (ft)

Groundwater Seepage Velocity V x 10.68 (ft/yr) (mg/L)

Retardation Factor R 2.96 (-)

Soil Bulk Density Rho 1.85 (kg/L)

Partition Coefficient K oc 265 (L/kg)

Fraction Organic Carbon f oc 0.001 (-)

Effective Porosity n e 0.25 (-)

    METHOD 2:  NAPL ZONE CONSTITUENTS
Type of Media

Initial Aqueous-Phase Concentration in 
Source Zone Under Natural Flow Conditions C s (mg/L)

Desired Cleanup Concentration C t (mg/L)

Density of NAPL Fluid Rho (g/mL)

Initial NAPL Saturation in Porous Media S o (%)

Uncertainty in NAPL Saturation Factor of 1.51E+00 (-)

Natural Groundwater Seepage Velocity V s (ft/yr) 1.41E+01 (yrs)

Length of Source Zone Parallel to 
Groundwater Flow L (ft)
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METHOD 2: Continued

Concentration in Produced Groundwater as a Result of
Mass Transfer Effects is
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 2)   Time  to Flush Out Constituents and
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1. Enter value directly....or

2. Calculate by filling in blue cells. 
    Press Enter, then hit "Calculate" 
b3. Value calculated by model. (Don't 
    enter any data.)

115
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  Data Input Instructions:

    Remediation Timeframe Decision Support System
     Air Force Center for Environmental Excellence                 Version 1.0

    METHOD 1:  DISSOLVED PHASE CONSTITUENTS

Original Constituent Concentration C o 0.5 (mg/L)

Desired Cleanup Level C t 0.005 (mg/L)

Length of Source Zone Parallel to (ft/yr)
Groundwater Flow L 100 (ft)

Groundwater Seepage Velocity V x 10.68 (ft/yr) (mg/L)

Retardation Factor R 1.67 (-)

Soil Bulk Density Rho 1.85 (kg/L)

Partition Coefficient K oc 265 (L/kg)

Fraction Organic Carbon f oc 0.0006 (-)

Effective Porosity n e 0.25 (-)

    METHOD 2:  NAPL ZONE CONSTITUENTS
Type of Media

Initial Aqueous-Phase Concentration in 
Source Zone Under Natural Flow Conditions C s (mg/L)

Desired Cleanup Concentration C t (mg/L)

Density of NAPL Fluid Rho (g/mL)

Initial NAPL Saturation in Porous Media S o (%)

Uncertainty in NAPL Saturation Factor of 4.37E+00 (-)

Natural Groundwater Seepage Velocity V s (ft/yr) 4.09E+01 (yrs)

Length of Source Zone Parallel to 
Groundwater Flow L (ft)
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METHOD 2: Continued

Concentration in Produced Groundwater as a Result of
Mass Transfer Effects is
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2. Calculate by filling in blue cells. 
    Press Enter, then hit "Calculate" 
b3. Value calculated by model. (Don't 
    enter any data.)
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Introduction 
This memorandum describes the results of the bench-scale studies conducted for Site 47, 
Naval Support Facility, Indian Head (NSF-IH) in Indian Head, Maryland. The bench-scale 
studies focused on evaluating the effectiveness and implementability of select oxidation and 
reduction technologies for treating carbon tetrachloride (CT) and tetrachloroethylene (PCE) 
detected at dense non-aqueous phase liquid (DNAPL) concentrations in the shallow 
groundwater. CT and PCE in the shallow groundwater are interpreted to be present as 
residual DNAPL because detected concentrations of these constituents in groundwater 
exceed 1 percent of their respective effective pure solubility, a commonly-accepted “rule-of-
thumb” (EPA, 1994). The concentrations of CT and PCE equivalent to their 1 percent 
effective pure solubilities are 7,930 and 2,000 micrograms per liter (µg/L), respectively 
(EPA, 1994). The historical maximum concentrations of CT and PCE from monitoring well 
samples at Site 47 were 100,000 µg/L (12.5 percent of solubility limit) (IS47MW03, 
September 2002) and 2,700 µg/L (1.35 percent of solubility limit) (IS47MW04, July 2004), 
respectively. 

In addition, this memorandum evaluates and compares the technologies against the site–
specific criteria that were established to assess the feasibility of each technology to be 
implemented in the pilot study or as a full-scale remedy, and recommends a remedial 
technology to be carried forward in a pilot study for the site. 
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Background 
The following two in situ chemical oxidation (ISCO) technologies and five in situ chemical 
reduction (ISCR) technologies were evaluated in the bench-scale studies:  

1. ISCO technologies: 
• Activated persulfate  
• Modified Fenton’s reagent of catalyzed hydrogen peroxide (CHP) 

2. ISCR technologies:  
• Nano-scale zero valent iron (NZVI) 
• Micron-scale ZVI (H200) 
• Micron-scale nickel-catalyzed ZVI (Ni-Cat ZVI) 
• Emulsified zero valent iron (EZVI) – NZVI emulsified in vegetable oil 
• Granular ZVI and clay mixture (ZVI-clay). 

The bench-scale studies were conducted by two subcontractors under CH2M HILL’s 
oversight. Xpert Design and Diagnostics, LLC (XDD) of Stratham, New Hampshire, 
conducted the bench-scale studies for the two ISCO technologies and three of the ISCR 
technologies (NZVI, H200, and Ni-Cat ZVI). Colorado State University of Fort Collins, 
Colorado (CSU) conducted studies of two ISCR technologies, EZVI and ZVI-clay. XDD and 
CSU conducted the bench-scale studies in accordance with the final work plan described in 
detail in a February 21, 2006 memorandum, Work Plan for DNAPL Bench-Scale Technology 
Evaluation Studies at Site 47, NSF-IH, Indian Head, Maryland (CH2M HILL, 2006a) and the 
subsequent modifications of the final work plan documented in the following documents: 

• A phone conversation record, Determining the Path Forward for Gas Analysis, Hydraulic 
Conductivity and Compressive Strength Testing for Site 47 CSU ISCR Bench-Scale Studies, 
September 22, 2006 (CH2M HILL, 2006b) 

• A memorandum, Revised EZVI concentration for bench-scale study, Site 47, Naval Support 
Facility, Indian Head, Maryland, June 22, 2006 (CSU, 2006) 

• A memorandum, Site 47 XDD Bench-Scale Studies - Path Forward for Peroxide and ZVI 
Studies, October 11, 2006 (CH2M HILL, 2006c)  

According to the final work plan, the objectives of the bench-scale study were: 

1. To evaluate the effectiveness of select chemical oxidation and reduction technologies in 
treating a mixture of CT and PCE in the shallow aquifer 

2. To determine the site-specific demand of reagents 

3. To identify potential side effects of the select technologies that may not be compatible 
with the current site use 

Specific details on the objectives, scope, and procedures for the bench-scale studies by XDD 
and CSU can be found in Appendix B and Appendix C of the final work plan, respectively. 
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Collection of Saturated Soil and Shallow Groundwater Samples 
CH2M HILL collected saturated soil and groundwater samples for use in the Site 47 bench-
scale studies from June 16, 2006 through June 28, 2006. The sample collection was conducted 
in accordance with the NSF-IH Master Plans (Tetra Tech NUS, 2004). A health and safety 
plan addendum was developed to reflect site-specific health and safety requirements for 
this task.  

The saturated soil and groundwater samples were collected from the locations within the 
immediate vicinity of groundwater monitoring wells IS47MW03 and IS47MW04. This area 
represents where the maximum detected CT concentrations in groundwater and soils have 
been historically observed.  

The saturated soil samples were obtained using a direct-push technology (DPT) rig from soil 
boring locations IS47-BT01 through IS47-BT32 (Figure 1). Parratt-Wolff, Inc., of 
Hillsborough, North Carolina, provided the drilling services. Approximately 658 pounds of 
saturated soil were collected from the 32 DPT boring locations. At each location, the soil 
samples were extracted from various depths using 2-inch inner diameter Macro-CoreTM, 
lined with a clear acetate liner. Table 1 shows the depth interval of the soil core sections and 
the approximate weight of each section sent to CSU and XDD. After the standard purging 
procedure of groundwater from monitoring wells IS47MW03 and IS47MW04, 
approximately 30 liters of groundwater samples were obtained. The saturated soil samples 
(contained in capped 2-foot acetate liners to accommodate shipping) and the groundwater 
samples (contained in 5-liter amber bottles) were shipped by overnight courier to CSU and 
XDD under chain-of-custody in disposable coolers. Approximately 632 pounds of saturated 
soil and 20 liters of groundwater were shipped to CSU, and 26 pounds of saturated soil and 
10 liters of groundwater were shipped to XDD.  

In general, based on historic and boring soil sampling and recent Macro-CoreTM 
observations, the shallow aquifer consists of sand and interbedded silty sand layers. This 
observation was further supported by the results of the grain size distribution analysis 
performed by CSU using the American Society for Testing and Materials Method D422. The 
grain size analysis indicated that the saturated soil consists of 80 percent sand, 13 percent 
silt, and 7 percent clay. The field observation also noted the presences of the NAPL stringers 
associated with DPT locations IS47BT02, IS47BT15, and IS47BT28. Table 1 and Figure 2 show 
the intervals where the NAPL stringers were observed. 

Each DPT borehole was abandoned by filling it with clean sand from the bottom of the hole 
to approximately 2 feet from the top of the borehole. The top 2 feet were filled with 
bentonite slurry to ground surface. This method was designed to minimize the subsurface 
heterogeneity that may hinder the groundwater flow, and subsequently non-uniform 
distribution of oxidant or reductant reagent, when in situ injection technology is 
implemented during the pilot study or the full-scale remediation.  

XDD Bench-Scale Studies 
A detailed description of the experimental design and the results of the bench-scale studies 
for the ISCO technologies (activated persulfate and CHP) and the ISCR technologies (NZVI, 
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H200, and Ni-Cat ZVI) by XDD are presented in Attachment 1 of this memorandum. The 
highlights of the overall findings of the XDD bench-scale technology evaluation studies, 
with the focus on the objectives of the studies, are described below. 

Alkaline-Activated Persulfate 
The bench-scale studies used sodium persulfate as the oxidant at two different loadings (50 
grams per liter [g/L] and 200 g/L) and sodium hydroxide as the activation reagent.  

Effectiveness in Treating CT and PCE 
• Alkaline -activated persulfate was demonstrated effective in the bench-scale studies for 

treating CT and PCE at Site 47. The first application of the low loading of alkaline-
activated persulfate (50 g/L) decreased the concentration of CT and PCE in soils by 
approximately 73 percent and 75 percent, respectively, and achieved greater than 98 
percent reduction on both compounds after three applications, relative to the associated 
controls. The first application of the high loading of alkaline-activated persulfate (200 
g/L) decreased the concentration of CT and PCE on soils by 99 percent and 94 percent, 
respectively, and achieved greater than 99 percent reduction of both compounds after 
three applications, relative to the associated controls. The groundwater data collected as 
part of the alkaline-activated persulfate injection simulation test for both loadings 
confirmed that the VOC mass was reduced in both soil and groundwater, with decreases 
in groundwater of at least 93 percent.  

• The degradation ratio of the persulfate mass to the VOC mass ranged from 31 to 94 
mg/mg for the 50 g/L and 200 g/L treatment concentrations, respectively. 

• The data suggest that a multiple injection strategy with approximately 50 g/L (or less) 
persulfate (or fewer applications of a higher persulfate concentration) can be 
implemented as a source treatment to decrease the mass of DNAPL CT and PCE. 

Site-Specific Demand of Reagents 
• The soil oxidant demand ranged from 7 to 25 grams oxidant per kilogram (g/kg) of soil 

at alkaline-activated persulfate concentrations of 50 to 200 g/L, respectively. 

• The sodium hydroxide demand was approximately 0.1 gram for every kg of soil to 
account for the base buffering capacity of the soil and 2.0 molars per molar of sodium 
persulfate to account for the potential evolution of acid during the decomposition of 
persulfate. This demand was designed to maintain a minimum of 10.5 in pH condition, 
which was necessary for an effective treatment of CT and PCE. 

Potential Side Effects 
• Metal mobilization: As a result of the altered geochemical environment, several metals 

increased in concentration relative to the baseline and controls during alkaline-activated 
persulfate tests, most notably, aluminum, arsenic, chromium, sodium, and vanadium. 
Based on the natural geochemistry reactions, dissolved metals are expected to return to 
near baseline conditions once the geochemical conditions return to normal following the 
field application. The long-term impact of an alkaline-activated persulfate application on 
dissolved metals should be evaluated on the pilot-scale level. 
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• Accumulation of undesirable/regulated byproducts: No undesirable or regulated 
byproducts, such as chloroform and methylene chloride, were observed. 

• Heat /gas generation: The potential for the heat or gas evolution during the alkaline- 
activated studies was not studied because the past implementation of this technology 
has demonstrated minimal heat and gas evolution. 

Catalyzed Hydrogen Peroxide 
The bench-scale studies used hydrogen peroxide as the oxidant at two different loadings (1 
percent by weight and 6 percent by weight), sulfuric acid as the soil buffering agent, and 
citric and phytic acids as the stabilization agent. The optimum pH condition for an effective 
implementation of CHP ranged from 2.5 to 4.0. 

Effectiveness in Treating CT and PCE 
• CHP was demonstrated effective in the bench-scale studies for treating the CT and PCE 

at Site 47. A single application of 1 percent hydrogen peroxide decreased the 
concentration of CT and PCE on soils by 50 percent and 73 percent, respectively, and 
achieved 83 percent and 94 percent, reduction, respectively, on both compounds after 
three applications, relative to the associated controls. Treatment with the first 
application of 6 percent hydrogen peroxide decreased the concentration of CT and PCE 
on soils by 97 percent and 99 percent, respectively, and achieved approximately 99 
percent and 96 percent reduction, respectively, on both compounds, after three 
applications relative to the associated controls.  A similar trend was also observed in the 
groundwater concentrations of CT and PCE.  

• The data suggest that a multiple injection strategy with a full pore volume of CHP at 
concentration range between 3 percent and 6 percent peroxide by weight can be 
implemented as a source treatment to decrease the mass of CT and PCE. 

Site Specific Demand of Reagents 
• The degradation ratio of the CHP mass to the VOC mass ranges from 27 to 108 mg/mg 

for the 1 percent and 6 percent CHP loading concentrations, respectively. 

• The sulfuric acid demand (acid buffering capacity) to achieve the target pH was 
approximately 1 pore volume of 5 g/L of sulfuric acid. 

• The demand of citric acid as the stabilization agent to achieve the desired hydrogen 
peroxide half-life of a minimum 15 hours and control the heat and gas generation was 10 
milli molars for both 1 percent and 6 percent CHP loading concentrations. 

Potential Side Effects 
• Metal mobilization: As a result of the altered geochemical environment, several metals 

increased in concentration relative to the baseline and controls, most notably, aluminum, 
chromium, copper, iron, and vanadium. Based on natural geochemistry reactions, 
dissolved metals are expected to return to near baseline conditions once the geochemical 
conditions return to normal following the field application. The long-term impact of a 
CHP application on dissolved metals should be evaluated on the pilot-scale level. 

• Accumulation of undesirable/regulated by products: No undesirable or regulated by 
products, such as chloroform and methylene chloride, were observed. 



RESULTS OF SITE 47 BENCH-SCALE STUDIES, NSF-IH, INDIAN HEAD, MARYLAND 

6 WDC.071380001 
COPYRIGHT 2007 BY CH2M HILL, INC. •  

• Gas/heat generation: The order for potential gas generation from greatest to least are 
unstabilized hydrogen peroxide (peak rate of 8.9 milliliters of gas/hour [mL/hour] 
during hour 5), stabilized hydrogen peroxide using phytic acid (peak rate of 2.2 
mL/hour during hour 18), and stabilized hydrogen peroxide using citric acid (peak rate 
of 4.5 mL/hour during hour 20). The heat evolution results indicated that most of the 
heat was generated and dissipated within the first 12 hours. The magnitude of the 
temperature differentials were 4 oF in the phytic acid stabilized reactors and less than  
1.5 oF in the citric acid stabilized reactors. Because of the demonstrated potential for heat 
and gas generation associated with treatment with CHP technology, a vadose zone gas 
collection system (soil vapor extraction system) may be required during the 
implementation of CHP. 

Zero Valent Iron (H200, Ni-Cat ZVI, and NZVI) 
Three ZVI particle forms were evaluated: 1) NZVI - Toda iron; particle sizes ranged from 10 
to 100 nano meters (nm); 2) H200 - micron-scale ZVI; particle sizes ranged from 30 to 100 
micro meters (µm); and 3) Ni-Cat ZVI - micron-scale nickel-catalyzed ZVI (Hoeganaes Fine 
Particle 2 Ni–Iron); particle sizes ranged from  5 to 30 µm. H200 and Ni-Cat ZVI are 
proprietary products of ARS Technologies, Inc. 

The focus of the XDD ZVI bench-scale studies included assessing the adequacy of ZVI 
particle contact with the DNAPL CT and PCE mass and assessing the potential generation 
and accumulation of undesired or regulated byproducts. Based on previous implementation 
of ZVI technologies, the ZVI mass loadings, which have been shown to demonstrate a 
sufficient particle and contaminant mass contact, ranged from 0.4 percent to 1.5 percent of 
ZVI by soil weight (Battelle, 2005; CH2M HILL, 2006d). Therefore, these loadings were used 
in the XDD bench-scale studies for ZVI technologies. The XDD bench-scale studies did not 
evaluate the potential for heat or gas generation or the potential for metal mobilization 
because no pH alteration is required for implementing these three ZVI technologies. 

Effectiveness in Treating CT and PCE 
• All three ZVI technologies demonstrated effectiveness in treating CT. By Day 7, CT 

concentrations were reduced to below detection limits in the NZVI and Ni-Cat ZVI 
reactors. H200 was observed to be the least effective for treating CT. 

• All three ZVI technologies were found to be ineffective in treating PCE. Under the low 
NZVI loading, concentrations of PCE did not change compared to the PCE 
concentrations in the control reactors. However, PCE concentrations did decrease by 81 
percent by Day 21 in the high NZVI mass loading reactors. For the Ni-Cat ZVI reactors, 
by Day 21 the maximum reduction in PCE concentrations were approximately 56 
percent and 41 percent PCE for the low and high ZVI mass loading, respectively. PCE 
was not affected by either ZVI mass loading for the H200 reactors. 

Potential Side Effects 
• Accumulation of undesirable/regulated byproducts: Chloroform and methylene 

chloride were observed as the predominant degradation products during treatment 
using all three ZVI technologies. In the NZVI reactors, methylene chloride accumulation 
was observed at up to 70 times the concentration in the control reactors, with the highest 
concentrations occurring in the low ZVI mass loading reactors. In the H200 reactors, 
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chloroform was the predominant byproduct, accumulating up to 30 times the control 
concentration. In the Ni-Cat ZVI reactors, methylene chloride was the predominant 
byproduct, accumulating up to 330 times the control concentration. By Day 21, TCE 
accumulation was observed to be the highest in the NZVI reactors. 

CSU Bench-Scale Studies 
A detailed description of the results of the bench-scale studies for the EZVI and ZVI-clay 
technologies by CSU are presented in Attachment 2 of this memorandum. The highlights of 
the overall findings of the CSU bench-scale technology evaluation studies, with the focus on 
the objectives of the studies, are described below.  

ZVI-Clay Mix 
Two loading concentrations (1 percent and 3 percent by weight) of granular Peerless iron 
were used in the ZVI-clay mix bench-scale studies. For each loading concentration, three 
varying conditions were applied: 1) no cement addition, 2) 5 percent cement addition, and 
3) acid addition using hydrochloric acid (HCl). ZVI-clay mix technology was developed and 
patented by Dupont, which in turn donated the patent to CSU. 

Effectiveness in Treating DNAPL CT and PCE 
• The ZVI-clay mix technology with no alteration (no cement or acid) was demonstrated 

efficient in treating DNAPL CT. CT concentration reductions of greater than 99.97 
percent and greater than 99.99 percent for 1 percent and 3 percent ZVI loadings, 
respectively, were observed at Day 7 of the study.  

• The ZVI-clay mix technology is not considered effective for treating DNAPL PCE. PCE 
concentration reductions in the 1 percent and 3 percent iron reactors were observed at 
approximately 45 percent and 65 percent, respectively, at Day 56 of the study. 

• Adding approximately 0.5 percent to 5 percent by weight of portland cement was 
demonstrated to inhibit the degradation reactions. 

• The addition of acid was thought to accelerate iron corrosion, thus enhancing the 
treatment effectiveness. The addition of 0.6 mL of 37 percent hydrochloric acid solution 
per kilogram of wet soil into the 1 percent and 3 percent iron reactors resulted in a 
minimal increase in the treatment effectiveness. 

Potential Side Effects 
• Accumulation of undesirable/regulated byproducts: Methylene chloride was observed 

as the predominant degradation product to accumulate during treatment using ZVI-clay 
mix technology. At Day 56, the peak concentrations of methylene chloride were 131 
mg/kg and 93 mg/kg for 1 percent and 3 percent ZVI loadings, respectively. The 
maximum methylene chloride concentration of 131 mg/kg indicated an approximately 
37 percent yield. The addition of acid was also hypothesized to reduce the methylene 
chloride yield. The results indicated no significant reduction in the methylene chloride 
yield. The peak concentrations of methylene chloride were 131 mg/kg and 116 mg/kg 
for the 1 percent iron without acid and the 1 percent iron with acid, respectively. On the 
contrary, the 3 percent iron with acid reactor showed a methylene chloride peak 
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concentration of 111 mg/kg, which is an increase to the methylene chloride 
concentration of 93 mg/kg in the reactor without the acid.  

• Metal mobilization: Pore water samples were used for assessing metal mobilization 
potential. The assessment was limited to four metals, which are the constituents of 
concern at Site 47: arsenic, iron, manganese, and vanadium. Arsenic and vanadium were 
below the detection limits in all samples. For both iron and manganese, the highest 
concentrations (1,340 mg/L of iron and 48 mg/L of manganese) were detected in acid-
added reactors; the lowest concentrations (0.6 mg/L of iron and 0.2 mg/L of 
manganese) were detected in the cement-added reactors. Because ZVI was added as the 
reductant, the concentrations of iron in groundwater may not entirely represent the iron 
mobilized from the soil matrix as a result of the treatment. Overall, the potential for 
metal mobilization associated with implementing the ZVI-clay mix technology is 
considered minimal. 

• Gas generation: Hydrogen and methane were the predominant gases produced during 
the bench-scale studies using the ZVI-clay mix technology. Cumulatively, based on the 
combined volume of gas generated from the unaltered 1 percent and 3 percent iron 
reactors, 92.8 percent of the gas volume was hydrogen. Methane gas was observed at 
10,200 parts per million by volume (ppmv). Because of the potential gas generation 
associated with the ZVI-clay mix technology, a vadose zone gas monitoring and 
collection system (soil vapor extraction system) may be required near sensitive 
structures. 

Emulsified Zero Valent Iron (EZVI) 
Three EZVI reactors were constructed using iron loadings of 0.15 percent, 0.75 percent, and 
1.5 percent iron by weight. A reactor was also constructed using the iron loading of 0.75 
percent iron by weight with bentonite clay added. 

Effectiveness in Treating CT and PCE 
• The EZVI with clay added was demonstrated efficient in treating DNAPL CT (CT 

concentration reductions of 99.9 percent at Day 56). The remaining reactors without clay 
showed an average CT concentration reduction of 95 percent. 

• The EZVI technology is not considered effective for treating DNAPL PCE. The 
maximum PCE concentration reduction of 83 percent was observed at Day 56 in the 
EZVI reactor with 1.5 percent iron loading.  

Potential Side Effects 
• Accumulation of undesirable/regulated byproducts: Methylene chloride was observed 

as the predominant degradation product to accumulate during treatment using the EZVI 
technology. At Day 56, the concentrations of methylene chloride were 46 mg/kg in the 
reactor containing 0.75 percent iron loading with clay, 17 mg/kg in the reactor 
containing 0.75 percent iron without clay, and 15 mg/kg in the reactor containing 1.5 
percent iron. Because EZVI is capable of enhancing biodegradation processes, these 
maximum methylene chloride concentrations may not represent the peak concentrations 
because degradation processes through biodegradation may require a longer time 
frame. 
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• Metal mobilization: Similar to the ZVI-clay mix technology, the potential for metal 
mobilization for the EZVI technology was assessed based on the metal analyses on the 
pore water samples for arsenic, vanadium, iron, and manganese from one reactor 
containing 0.75 percent iron with clay. Arsenic and vanadium were non-detected. Iron 
and manganese were observed at concentrations of 1,360 mg/L and 27 mg/L, 
respectively. Because ZVI was added as the reductant, the concentrations of iron in 
groundwater may not entirely represent the iron mobilized from the soil matrix as a 
result of the treatment. Overall, the potential for metal mobilization associated with 
implementing the EZVI technology is considered minimal. 

• Gas generation: Similar to the ZVI-clay mix technology, hydrogen and methane were 
the predominant gases produced during the bench-scale studies using the EZVI 
technology. Cumulatively, based on the combined volume of gas generated from all four 
EZVI reactors, 43.6 percent of the gas volume was hydrogen. Methane gas was observed 
at 16,600 ppmv. A vadose zone gas monitoring may be required near sensitive structures 
during treatment using the EZVI technology. Soil gas collection system may not be 
required based on the moderate volume of the gas generation. 

Evaluation and Comparison of the Technologies 
In addition to evaluating the effectiveness of each technology in treating CT and PCE and 
identifying the potential side effects described previously, additional site-specific criteria 
were established to assess the implementability of each technology during the pilot study or 
the full-scale remedy. These criteria include: 

• Delivery method – injection versus soil mixing 
• Specific operating condition, such as pH alteration 
• Need for site clearing before reagent subsurface delivery 
• Need for after treatment site management/restoration 
• Logistical needs 
• Disruption to the facility operation 
• Side impacts potentially incompatible with the current site use 
• Requirement for planning activities 
• Safety considerations on material handling 
• Other considerations, such as relative cost 

Table 2 summarizes the evaluation of each technology against these site-specific criteria. The 
evaluation and comparison of technologies against the site-specific criteria showed that 
none of the ISCR technologies are effective for treating DNAPL PCE. Furthermore, 
implementing the ZVI-clay mix or EZVI technology via soil mixing entails extensive 
logistical needs and interference with the facility’s daily operation. For these reasons, the 
ISCR technologies are considered not effective and implementable at Site 47.  

Both ISCO technologies were demonstrated to be effective for treating CT and PCE. The 
CHP technology, however, will not likely be compatible with the current site use as an 
explosives research and storage area because of the heat and gas generation. Alkaline- 
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activated persulfate technology demonstrates efficiency, compatibility, and 
implementability for treating CT and PCE at Site 47 under the current setting and land uses. 

Recommendation and Conceptual Approach for Site 47 Pilot 
Study 
Based on the technology evaluation and comparison, the recommended technology for the 
pilot study at Site 47 is the alkaline-activated persulfate. The preliminary objectives of the 
pilot study should include: 1) identifying the optimum field design parameters, such as 
oxidant loading, delivery interval, delivery method, and radius of influence; 2) verifying the 
impacts on the current site uses; 3) assessing the constituents of concern (COC) 
concentration rebounds after treatment; 4) assessing the compatibility of the technology 
with natural attenuation; 5) decreasing the target COC masses; and 5) obtaining the cost 
information for implementing the full-scale remedy. To achieve these objectives, 
CH2M HILL recommends that the conceptual approach for the pilot study include the 
following: 

1. The pilot study should be performed within the inferred residual DNAPL area shown in 
Figure 3-1 of the Preliminary Draft Feasibility Study (CH2M HILL, 2005).  

2. Alkaline-activated persulfate should be delivered into the target interval via injection.  

3. A minimum of two injection events should be considered to optimize the removal of the 
COC masses within the target area. 

4. The performance monitoring system should consist of a minimum of five events: a 
baseline monitoring event, and two post-injection monitoring events following each 
injection event. The frequency of the two post-injection monitoring events should be 
designed to assess the treatment performance and the target COC concentrations 
rebound. The recommended frequencies of the post-injection monitoring events are 2 
months and 6 months after each injection event. 

5. Three-dimensional plumes will be developed using the groundwater monitoring and 
subsurface lithologic data before and after each injection event to help assess the 
concentration changes of the target COCs before and after the treatment.  

The detailed design parameters for implementing the pilot study will be described in a work 
plan. 
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TABLE 1
Depth Interval and Approximate Weight of Saturated Soil Cores
Results of Site 47 Bench-Scale Studies
NSF-IH, Indian Head, Maryland

Approximate Weight (Inclusive of the Acetate Liners) (pounds)

IS47BT01
(6/21/06)

IS47BT02
6/21/06)

IS47BT03
(6/21/06)

IS47BT04
(6/21/06)

IS47BT05
(6/21/06)

IS47BT05B
(6/21/06)

IS47BT06
(6/21/06)

IS47BT07
(6/21/06)

IS47BT07B
(6/21/06)

IS47BT08
(6/22/07)

IS47BT09
(6/22/07)

0406 2.1 2.0 3.0 3.5
0608 3.4 3.4 3.4 3.6 3.4 3.6 3.5 3.5 3.4 3.7
0810 3.8 3.9 2.4 1.7 1.9 1.9 1.9 2.3 1.9 2.3 2.5
1012 3.7 4.1 3.3 3.5 3.5 3.4 3.7 3.9 3.7 3.5 3.6
1214 2.2 2.3 1.8 1.7
1416 3.9 3.7 3.5 3.1
1618 2.9 1.8 2.3
1820 3.3 3.5 3.5
2022 3.3 2.8
2224
Subtotal 10.9 14.1 9.1 8.6 9.0 8.7 9.2 11.8 23.3 26.1 26.7 157.5

Approximate Weight (Inclusive of the Acetate Liners) (pounds)

IS47BT10
(6/22/06)

IS47BT11
(6/22/06)

IS47BT12
(6/22/06)

IS47BT13
(6/22/06)

IS47BT14
(6/23/06)

IS47BT15
(6/23/06)

IS47BT16
(6/23/06)

IS47BT17
(6/23/06)

IS47BT18
(6/23/06)

IS47BT19
(6/23/06)

IS47BT20
(6/26/06)

0204 3.5 3.4
0406 3.6 1.8 2.3 2.1 3.1 3.6 1.1 1.9 3.0
0608 3.8 3.5 3.7 3.6 3.6 3.5 3.3 3.8 3.7 3.5 3.5
0810 1.9 2.0 1.8 2.1 2.5 1.9 1.9 2.6 1.5 2.2 2.3
1012 3.5 3.6 3.5 3.8 3.8 3.8 3.6 3.5 3.8 3.7 3.8
1214 1.2 1.8 1.7 1.8 2.0 1.9 1.7 0.8 1.8 3.0 3.2
1416 3.2 3.4 3.6 3.8 3.2 3.6 3.2 3.7 3.6 3.6 3.6
1618 3.1 1.1 1.0 2.5 1.7 2.2 nm 2.5 2.5
1820 3.5 2.7 3.2 3.0 2.9 3.2 3.6 3.6
2022 3.2 3.0 3.0 3.3 3.3
2224 3.6 3.7 3.4 3.4
2426 2.6
2628 3.4
Subtotal 30.5 24.7 25.2 35.1 28.7 16.8 19.0 21.4 18.7 24.0 25.5 269.6

Approximate Weight (Inclusive of the Acetate Liners) (pounds)

IS47BT21
(6/26/06)

IS47BT22
(6/26/06)

IS47BT23
(6/26/06)

IS47BT24
(6/28/06)

IS47BT25
(6/26/06)

IS47BT26
(6/26/06)

IS47BT27
(6/26/06)

IS47BT28*
(6/26/06)

IS47BT29
(6/28/06)

IS47BT30
(6/28/06)

IS47BT31
(6/28/06)

IS47BT32
(6/28/06)

0204 3.3 3.4 3.5
0406 3.0 3.8 2.9 3.6 2.0 2.8 4.1 3.7 3.0 3.0 3.9
0608 3.7 4.1 3.8 4.0 3.8 4.0 3.8 4.2 3.8 3.8 3.9 3.6
0810 2.6 2.4 2.2 1.7 2.1 2.4 2.2 3.8 2.6 2.4 2.0 2.3
1012 3.7 3.7 4.0 3.8 4.0 3.9 3.8 3.0 3.1 3.7 3.8 3.5
1214 2.7 3.0 3.2 2.1 2.5 2.6 1.8 2.8 2.2 1.8 1.9 1.9
1416 3.2 3.4 3.3 3.0 3.8 4.0 3.8 3.4 2.7 3.4 3.4 3.0
1618 1.9 1.3 2.5 3.0
1820 3.8 3.3 3.4 2.8
Subtotal 24.6 20.4 19.4 21.5 20.8 24.8 24.0 21.3 18.1 18.1 21.4 21.7
Notes:

Samples sent to XDD
IS47BT21
(6/26/06)
0204 2 feet to 4 feet below ground surface
nm not measured

Interval where stringers of DNAPL were observed
* DNAPL stringers were observed from depth interval of 5.5 to 8.0 feet below ground surface

Sample ID
(Date of Collection)

Depth Interval

Depth Interval

Depth Interval



TABLE 2 
Evaluation and Comparative Analysis of Technologies 
Results of Site 47 Bench-Scale Studies 
NSF-IH, Indian Head, Maryland 

Criteria ISCO – Alkaline Activated Persulfate ISCO – Catalyzed Hydrogen Peroxide ISCR – ZVI-Clay Mix ISCR – EZVI, NZVI, H200, and Ni-Cat ZVI 

Effectiveness in treating dense non-aqueous phase 
liquid (DNAPL) carbon tetrachloride (CT) and 
tetrachloroethene (PCE) 

Effective 

CT: 175,000 ug/kg (day 0) to 4 ug/kg (low) and 8 ug/kg 
(high) at day 31 

PCE: 24,000 ug/kg (day 0) to 175 ug/kg (low) and 6 
ug/kg (high) at day 31 

Effective 

CT: 175,000 ug/kg (day 0) to 9,700 ug/kg (low) and 
730 ug/kg (high) at day 18 

PCE: 24,000 ug/kg (day 0) to 910 ug/kg (low) and 
676 ug/kg (high) at day 18 

 

Not effective on PCE 

CT: 407,000 ug/kg (day 0) to 90 ug/kg (low) and 20 
ug/kg (high) at day 56 

PCE: 11,600 ug/kg (day 0) to 6,400 ug/kg (low) and 
4,100 ug/kg (high) at day 56 

 

Not effective on PCE 

EZVI: 
CT: 407,000 ug/kg (day 0) to 20 ug/kg (0.75% 
with clay) at day 56 

PCE: 11,600 ug/kg (day 0) to 2,000 ug/kg (1.5% 
iron) at day 56 

NZVI: 
CT: 175,000 ug/kg (day 0) to 3,350 ug/kg (low) 
and 490 ug/kg (high) at day 21 

PCE: 24,000 ug/kg (day 0) to 25,000 ug/kg (low) 
and 5,500 ug/kg (high) at day 21 

H200: 
CT: 175,000 ug/kg (day 0) to 13,500 ug/kg (low) 
and 750 ug/kg (high) at day 21 

PCE: Not observed  

Ni-Cat ZVI: 
CT: 175,000 ug/kg (day 0) to ND (low) and ND 
(high) at day 21 

PCE: 24,000 ug/kg (day 0) to 13,000 ug/kg (low) 
and 17,500 ug/kg (high) at day 21 

Accumulation of regulated breakdown product(s) – 
primarily methylene chloride (MC) 

None None MC: 131,000 ug/kg (low) and 93,000 ug/kg (high) EZVI: 
MC: 46,000 ug/kg (0.75% iron w/ clay) – has not 
reached the peak by day 56 

NZVI: 
MC: 130 ug/kg (day 0) to 9,350 ug/kg (low) and 
3,400 ug/kg (high) at day 21 

H200: 
MC: 130 ug/kg (day 0) to 685 ug/kg (low) and 
2,250 ug/kg (high) at day 21 

Ni-Cat ZVI: 
MC: 130 ug/kg (day 0) to 13,000 ug/kg (low) and 
43,000 ug/kg (high) at day 21 

Potential for metal mobilization The mobilization nature is temporary 

Prominent concentration increase: Al, arsenic (As), Cr, 
sodium (Na), and V 

Sodium concentration may not entirely represent the 
metal mobilized from the aquifer matrix because the 
sodium persulfate added as the oxidant. 

The mobilization nature is temporary 

Prominent concentration increase: aluminum (Al), 
chromium (Cr), copper (Cu), iron (Fe), and 
vanadium (V) 

Minimal (but only analyzed for As, Fe, Mn, and V); 
dissolved iron concentration may not entirely 
represent mobilization from aquifer soil matrix 
because addition of iron as a reductant. 

Not studied for NZVI, H200, and Ni-Cat ZVI. 

EZVI – minimal ((but only analyzed for As, Fe, 
Mn, and V); dissolved iron concentration may not 
entirely represent mobilization from aquifer soil 
matrix because addition of iron as a reductant. 

Potential for gas and heat generation Minimal 

Temperature increase ~ 1.5 degrees F 

Yes (both gas and heat evolution) 

Temperature increase ~ 5 degrees F 

 

Yes (only gas evolution - hydrogen and methane) 

Hydrogen ~ 92% of the total volume of gas 
generated 

Gas/heat evolution for the NZVI, H200, and Ni-Cat 
ZVI technologies were not studied. 

EZVI - hydrogen at 43.6% of the volume of gas 
generated and 16,600 ppmv methane  



TABLE 2 (CONTINUED) 
Evaluation and Comparative Analysis of Technologies 
Results of Site 47 Bench-Scale Studies 
NSF-IH, Indian Head, Maryland 
 

Criteria ISCO – Alkaline Activated Persulfate ISCO – Catalyzed Hydrogen Peroxide ISCR – ZVI-Clay Mix ISCR – EZVI, NZVI, H200, and Ni-Cat ZVI 

Methane – 10,200 ppmv 

Delivery method Injection (via permanent point or DPT rig) Injection (via permanent point or DPT rig) Soil mixing Injection (pressurized or aided by fracturing) 

Specific operating condition High pH (10.5 or higher) Low pH (Target pH: 2.5 to 3.0) None None 

Need for site clearing before reagent subsurface 
delivery 

Minimal clearing to facilitate the injection Minimal clearing to facilitate the injection Extensive 

Before mixing, trees and other vegetation and the 
root system have to be cleared, surface has to be 
regraded, and approximately 10-20% volume of soil 
has to be removed to accommodate the swelling 
after the mixing is complete. 

Minimal clearing to facilitate the injection 

Need for after treatment site 
management/restoration 

None None Yes 

Because of the water used in the mixing process, 
after mixing, the site becomes “soupy”; thus, excess 
water management (collection system, treatment, 
and disposal) will be required. In addition post-
mixing restoration such as further addition of cement 
or soil may be required to improve the ground 
surface stability. 

None 

Logistical needs Manageable Manageable Extensive 

The following are likely required: 

Traffic pattern diversion due to heavy equipment 
mob and demobilization (soil mixing auger) 

Rerouting steam lines and other subsurface utility 
system 

Relocating loading area and the emergency escape 
slides for Building 856 

Manageable 

Disruption to the facility operation Manageable 

Each injection event may last for up to two weeks. 
During this period, Building 856 can still be occupied. 
Loading activities may be disrupted for several days 
when injection activities occur in the vicinity of the 
loading area. 

Manageable 

Each injection event may last for up to two weeks. 
During this period, Building 856 can still be 
occupied. Loading activities may be disrupted for 
several days when injection activities occur in the 
vicinity of the loading area. 

Extensive 

Disruptions will occur for a minimum of 4 months 
during site clearing, mixing activities (20 days), and 
post-mixing. Treated area cannot be disturbed or 
reused at least 3 months after the mixing is 
completed. 

Manageable 

Each injection event may last for up to two weeks. 
During this period, Building 856 can still be 
occupied. Loading activities may be disrupted for 
several days when injection activities occur in the 
vicinity of the loading area. 

Side impacts potentially incompatible with the 
current sit use 

Minimal, however, as a precautionary measure gas 
venting points should to be installed to prevent any 
potential impact to the structural integrity of the 
magazines/buildings. 

Explosives in the magazines will likely need to be 
relocated because of the gas and heat generation; 
otherwise a soil vapor extraction system may need 
to be installed and operated during the injection 
events and at a minimum one month after each 
injection event. 

At a minimum, gas venting points will need to be 
installed to prevent any potential impact to the 
structural integrity of the magazines/buildings. 

Gas venting points may be needed.  

Periodic methane gas monitoring may be needed. 

 

Gas venting points may be needed. 

Periodic methane gas monitoring may be needed. 

Requirement for planning activities Manageable.  

Will involve preparing work plan, design for injection, 
and HSP. 

Manageable.  

Will involve preparing work plan, design for injection 
and soil vapor extraction system, health and safety 
plan (HSP).  

Extensive 

In addition to work plan, design, and HSP, 
assessment and plans will be needed for the 
following: 

To evaluate the impact of soil mixing to the 
structural integrity of nearby buildings/magazines 
and how close to the structures that a mixing activity 

Manageable.  

Will involve preparing work plan, design for 
injection, and HSP. 



TABLE 2 (CONTINUED) 
Evaluation and Comparative Analysis of Technologies 
Results of Site 47 Bench-Scale Studies 
NSF-IH, Indian Head, Maryland 
 

Criteria ISCO – Alkaline Activated Persulfate ISCO – Catalyzed Hydrogen Peroxide ISCR – ZVI-Clay Mix ISCR – EZVI, NZVI, H200, and Ni-Cat ZVI 

can be performed 

To evaluate the impact of swelling and gas 
generation after mixing  

To manage, contain, and treat the surface water 
runoff from the treatment area. 

Safety considerations on material handling Persulfate (oxidizer; milder than peroxide) – can be 
transported as powder, NaOH (strong base). 

Specific management during transportation, handling, 
and on-site storage 

Less risks to remediation workers 

Peroxide (strong oxidizer), H2SO4 (strong acid) 

Specific management during transportation, 
handling, and on-site storage 

Higher risks to remediation workers 

Minimal Minimal with the exception of EZVI 

EZVI mixture will need to be blended on site, 
which will involve mixing of strong acid (37% 
solution of HCl, vegetable oil, and micron-scale 
ZVI powder). 

Other considerations Cost of persulfate in general can be 10x more than 
Fenton’s. 

None If ZVI-clay mixing is selected, the need for multiple 
applications will be eliminated. 

Cost could be in the order of $100/cy of treated soil 
(all inclusive – work plan, field activities, and 
reporting) 

In general high cost for NZVI. 

Application of EZVI-clay through mixing is a new 
concept. 
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1.0 INTRODUCTION 

XDD, LLC (XDD) was retained by CH2M HILL, Inc. (CH2M HILL) to conduct a bench-scale 

evaluation to assess the effectiveness of several remedial technologies on subsurface 

contamination at Site 47 of the Naval Support Facility, Indian Head (NSF-IH) in Indian 

Head, Maryland (Site 47).  CH2M HILL performed this work for the United States Navy 

(Navy) under Contract N62470-02-D-3052 Task Order 0051. The bench-scale studies were 

performed in accordance with the technical memorandum entitled “Final Work Plan for 

DNAPL Bench-Scale Technology Evaluation at Site 47, NSF-IH, Indian Head, Maryland” 

(herein referred to as the Final Work Plan), submitted to the Indian Head Installation 

Restoration Team IHIRT on February 21, 2006 (CH2M HILL, 2006). 

1.1 BACKGROUND INFORMATION 

NSF-IH occupies a 3,500-acre peninsula between the Potomac River and Mattawoman 

Creek, and is located in the town of Indian Head, Maryland, about 30 miles south of 

Washington, DC.  Indian Head was first used by the Navy in 1890 for the testing of naval 

guns.  It has since evolved into a state of the art facility specializing in naval munitions and 

includes the National Center for Energetics.  

Site 47 is a former mercuric nitrate disposal area located in the center portion of the 

Installation.  Mercuric nitrate was used in the production of missile propellant at Indian 

Head.  The disposal area was approximately a 4 feet by 6 feet area near a drainage ditch at 

the southeast corner of Building 856.  Drainage from the ditch adjacent to the disposal area 

runs southward and to a Site 8 swale which discharges into the Site 12 Pond. 

The contamination at Site 47 to be addressed in this bench-scale evaluation is in the 

subsurface, typically 8 feet to 18 feet below ground surface (bgs).  The primary organic 

contaminants of concern (COC) in this area are carbon tetrachloride (CT) and 

tetrachloroethene (PCE).  The contamination is thought to be sorbed onto soils, dissolved 

into the groundwater, and potentially present as residual dense non-aqueous phase liquids 

(DNAPL).  Residual DNAPL contamination is anticipated at the site as several groundwater 

samples contained concentrations greater than 1% of the theoretical solubility limit, 

however, no separate phase of chlorinated solvents has been detected in monitoring wells 

to date.  The treatment of other contaminants at Site 47, such as heavy metals, is not part 

of this evaluation. However, impact of the chlorinated VOCs treatment to the dissolved 

metal concentrations in groundwater will be evaluated. 
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The bench-scale technology evaluation was conducted to evaluate the following in-situ 

chemical oxidation (ISCO) and reduction (ISCR) technologies for the treatment of CT and 

PCE contamination at Site 47: 

• ISCO 

o Alkaline-activated persulfate; and 

o Catalyzed hydrogen peroxide (CHP, or Fenton’s Reagent). 

• ISCR 

o Nano-scale zero valent iron (Toda iron; 10-100 nanometers [nm]); 

o Micron-scale ZVI (H200 – fine; 30-100 micrometers [μm]); and 

o Micron-scale nickel-catalyzed ZVI (Hoeganaes Fine Particle 2 Ni–Iron; 5-30 

μm). 

1.2 BENCH-SCALE EVALUATION OBJECTIVES 

The general objectives for the bench-scale tests as stated in the Final Work Plan are to: 

• Determine the effectiveness of the selected ISCO and ISCR technologies in treating a 

mixture of CT and PCE residual DNAPL; 

• Estimate the site-specific demand of reagents; and 

• Identify potential side effects of the selected technologies, such as incompatibility 

with the current site use, mobilization of other regulated contaminants, and creation 

of undesired by-products. 

2.0 BENCH-SCALE EVALUATION APPROACH 

The bench-scale evaluation was conducted at XDD’s in-house Treatability Laboratory in 

Stratham, NH.  Analytical tests were conducted by Northeast Laboratory Services (NEL) in 

Winslow, ME using the United States Environmental Protection Agency (USEPA) Method CLP 

OLM04.3 for volatile organic compounds (VOCs), CLP ILM05.2 for metals (dissolved and 

total), and toxicity characteristic leaching procedure (TCLP) for metals (by USEPA Method 

6010B for all except for mercury, which was by USEPA Method 7470B).   

CH2M HILL supplied XDD with representative saturated soil and groundwater from the 

target treatment area.  Approximately 11 kilograms (Kg) of soil were received from the 

following borings/intervals: 

• IS47BT02 (8 to 10 feet bgs); 

• IS47BT07B (10 to 12 feet bgs); 

• IS47BT12 (14 to 16 feet bgs); 

• IS47BT14 (16 to 18 feet bgs); 
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• IS47BT19 (6 to 8 feet bgs); 

• IS14BT22 (6 to 8 feet bgs); and 

• IS47BT24 (2 to 4 feet bgs). 

 

The soil in the cores consisted medium brown, well-graded, medium to coarse silty sand.  

Ten liters (L) of groundwater were received from IS47MW03 and IS47MW04 (five liters 

each).  Composited Site 47 soil and groundwater was utilized throughout the bench-scale 

testing.  Both soil and groundwater samples were received on June 28, 2007. 

Based on the baseline VOC concentrations on the composited soil and discussion with CH2M 

HILL, the soil used for the bench-scale evaluation was spiked with CT and PCE to achieve 

approximately ten times (unless otherwise noted) the theoretical soil concentration (based 

on the maximum groundwater concentrations and assuming no DNAPL) at the Site 47 target 

area1.   The estimated soil concentrations for CT and PCE at the site were 32,000 and 1,000 

micrograms per kilogram (μg/Kg), respectively.  Per direction from CH2M HILL (CH2M HILL 

e-mail dated July 24, 2006), the target spiked concentration in soil was approximately 

320,000 and 10,000 μg/Kg CT and PCE, respectively, to be consistent with the initial 

concentrations used by the Colorado State University (CSU) in their bench-scale study 

(Appendix C of the Final Work Plan).  Actual spiked baseline results ranged from 110,000 to 

320,000 μg/Kg for CT and 18,000 to 28,000 μg/Kg for PCE for all of the tests except for the 

ZVI exhaustion test.  In this test, starting soil concentrations were varied purposefully (to 

evaluate response of ZVI with VOC concentration) and ranged from 2,700 to 11,000,000 

μg/Kg for CT and 830 to 390,000 μg/Kg for PCE.  

Other specifics regarding procedures and setup for the bench-scale study are provided 

below. 

• Due to the relatively high volatility of CT and PCE, each reactor was spiked 

individually.  Following the addition of CT and PCE, the reactors were prepared using 

multiple cycles of heating (to approximately 110 degrees Fahrenheit, oF) and cooling 

(to approximately 40 oF), with gentle shaking of each reactor to help deposit the 

VOCs uniformly throughout the soil.   

                                                 
1 The target spiked concentration was based on ten times the estimated soil concentration presented 
in Appendix C, Table 2 of the Final Work Plan (Colorado State University’s work plan), which was 
based on the groundwater concentrations and soil type found at the site. 
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• The tests were typically conducted at approximately 65 degrees Fahrenheit (oF) in 

40-milliliter (mL) borosilicate-glass batch reactors. Exceptions to these conditions 

included the heat and gas evolution tests for CHP (an incubator to maintain constant 

temperature was not used so as to not bias the results) and the metals leaching test 

for ISCO (larger reactor containers were required to accommodate approximately 

200 grams of soil).  

• The total pore volume for 40 grams of soil was estimated to be approximately 9.4 

mL (assuming a total porosity of 0.4 and soil bulk density of 1.7 grams per cubic 

centimeters, g/cm3).   

• Soil mass estimates provided herein refer to the mass as “wet” soil with 

approximately 14% moisture content.   

• To decrease the effects of volatilization of CT and PCE during the tests that included 

analysis of VOCs (e.g., injection simulation tests), the reactors were prepared so that 

headspace was minimized.  Therefore, the volume of aqueous solution added to the 

reactors for these tests was equivalent to several pore volumes.  For ISCO and NZVI 

testing, the reagent concentrations were normalized to be equivalent to one pore 

volume.  For the other ISCR reagents (H200 and Ni-CAT ZVI), the mass of ZVI added 

to each reactor was based on soil mass. 

• Although efforts were made throughout the bench-scale study to minimize 

volatilization, it is evident by the baseline and control reactor data that loss did occur 

through volatilization, particularly for CT.  Therefore, to be conservative, the results 

of the treated reactors were compared to those from the controls associated with the 

same timeframe. 

• For tests where VOCs were not measured (e.g., acid/base buffering capacity, oxidant 

stability, etc.), two to three pore volumes (with reagent concentrations normalized to 

one pore volume) were used to allow enough aqueous volume in the reactor for 

necessary measurements. 

The specific tests conducted in this bench-scale evaluation (and the primary objective of 

each test) for alkaline-activated persulfate, catalyzed hydrogen peroxide and zero valent 

iron (ZVI) are listed below.  The purpose for conducting the series of tests for each potential 

technology is to evaluate a variety of parameters that may affect the treatment and cost 
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effectiveness at a field-scale application, and the results should be assessed as a whole 

when determining the most promising option.   

• Alkaline-activated Persulfate 

o Preliminary Persulfate Effectiveness Test (confirm alkaline-activated 

persulfate’s ability to degrade CT) 

o Base Buffering Capacity Test (evaluate the quantity of base required to raise 

the subsurface conditions to the target pH, typically greater than pH 10.5) 

o Soil Oxidant Demand, SOD (determine the non-target demand of oxidant due 

to soil characteristics) 

o Alkaline-Activated Persulfate Stability Test (evaluate the rate of alkaline-

activated persulfate auto-decomposition due to highly reactive process)  

o Injection Simulation Test (evaluate the relative effectiveness of the oxidant 

using two persulfate concentrations) 

o Metals Mobilization Test (determine a worst-case potential of temporary 

metals mobilization from the soil due to extreme reduction-oxidation 

conditions) 

• Catalyzed Hydrogen Peroxide 

o Acid Buffering Capacity Test (evaluate the quantity of acid required to lower 

the subsurface conditions to the target pH, typically less than pH 3.0) 

o Hydrogen Peroxide Stability Test (evaluate the rate of peroxide auto-

decomposition due to highly reactive process) 

o Gas and Heat Evolution Tests (assess the potential gas and heat evolution in 

the presence of reagent stabilizers) 

o Injection Simulation Test (evaluate the relative effectiveness of the oxidant 

using two peroxide concentrations) 

o Metals Mobilization Test (determine a worst-case potential of temporary 

metals mobilization from the soil due to extreme reduction-oxidation 

conditions) 

• Zero Valent Iron (all three ZVI types) 

o Injection Simulation Test (evaluate the relative effectiveness of the reductant 

using two ZVI mass loadings) 

o ZVI Exhaustion Test (evaluate the potential decrease in ZVI performance as a 

function of VOC mass)  
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The evaluation structure for the primary tests conducted for each of the technologies is also 

outlined in Tables 1A through 1C.  Due to the quantity of data associated with this bench-

scale study, the tables (Tables 1 through 8) and figures (Figures 1 through 12) presented in 

the main part of the report are generally summaries of the full data set.  The full data set is 

compliled and presented on larger tables in Appendix A for reference.  Additionally, an 

electronic copy of NEL’s laboratory reports is included in Appendix B with a sample key to 

associate the laboratory sample name with the sample name presented in the sections that 

follow. Appendix C shows the photographs of select reactors and processes used during the 

bench-scale studies.  Refer to the Table of Contents for more detail. 

3.0 ALKALINE-ACTIVATED PERSULFATE 

3.1 PRELIMINARY PERSULFATE EFFECTIVENESS 

Persulfate can be activated by a variety of mechanisms, and based on previous experience, 

XDD proposed the evaluation of alkaline-activated persulfate for this study.  To confirm the 

ability of alkaline-activated persulfate to degrade carbon tetrachloride, a preliminary test 

was conducted in which a persulfate solution (200 grams per liter [g/L], or roughly 16% by 

weight, using sodium persulfate) was applied to soil and activated with 3 alkaline 

concentrations (using sodium hydroxide, NaOH).  These three reactors and a control 

reactor, which was not dosed with alkaline-activated persulfate, were allowed to equilibrate 

for 11 days before the soil was analyzed for VOCs.   

Using the baseline (spiked) and control results for comparison (Figure 1), the data in the 

treated reactors show a VOC concentration reduction of greater than 98% (compared to the 

control reactor) for the range of NaOH concentrations tested.  The decrease in CT 

concentration observed in the control relative to the baseline is primarily attributed to the 

relatively high volatility of CT.  For this test, and throughout the other tests, larger 

differences between the baseline and controls were generally noted for CT than for PCE 

(which is not as volatile).   

The results confirm that alkaline activation with persulfate is an effective mechanism for CT 

and PCE remediation from Site 47 soil.  Thus, this activation method was utilized for the 

remainder of the persulfate testing.  
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3.2 BASE BUFFERING CAPACITY 

The objective of the base buffering test is to determine the mass of alkaline reagent (e.g., 

NaOH) that is required to achieve and maintain for a period of time the target pH range 

(i.e., pH greater than pH 10.5) for persulfate activation in representative soil and 

groundwater.  The alkaline buffering capacity is determined by the presence of weak organic 

acids and, potentially, the mineralogy of the soil.  The base buffering capacity test was 

conducted by adding a NaOH solution (approximately 2 pore volumes, or 13 mL) of 

increasing concentration to separate reactors containing 30 grams of soil.  Measurements of 

pH were conducted in the aqueous phase of each reactor at two time points: time = 1 and 7 

days.  

Results from the base buffering capacity test (Figure 2) for the Day 1 and Day 7 

measurements are not significantly different, indicating that the base buffering reactions 

occur within the first day of contact.  The data also indicate that treatment with 1 pore 

volume of approximately 0.12 M NaOH is required to elevate the pH of the Site 47 soil and 

groundwater to greater than pH 10.5. 

3.3 SOIL OXIDANT DEMAND 

Since the SOD exerts a competitive demand on the oxidant, the SOD must typically be 

satisfied to ensure complete oxidation of the target compounds.  The alkaline-activated 

persulfate reaction mechanism is complex in that the persulfate compound auto-

decomposes (i.e., breakdown to other reactive species) regardless of the presence of SOD 

or other reactants (e.g., contaminants).  Hence, both SOD and alkaline-activated persulfate 

stability (Section 3.4) were assessed.   

The SOD was measured by placing 20 mL (or approximately 3 pore volumes) of persulfate 

solution into reactors containing 30 grams of composite soil (unspiked).  Non-alkaline-

activated persulfate solutions of 50, 100 and 200 g/L persulfate were utilized for this test.  

The control reactors did not contain soil.  The reactors were allowed to equilibrate over a 7-

day test period.  Persulfate concentrations were measured using iodometric titration, and 

SOD was calculated as the amount of persulfate consumed (g) per soil mass (Kg) in the 

reactor.  

Results from SOD tests (Table 2) indicated a linear relationship:  SOD increased with 

increasing persulfate concentration, from 7 to 25 grams oxidant per Kg soil at persulfate 

concentrations from 50 to 200 g/L, respectively.  Increasing SOD with increasing persulfate 
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concentration is typical and likely due to concentration-based kinetics.  The magnitude of 

SOD observed in this test is considered high relative to SOD typically observed on sandy 

material. 

3.4 ALKALINE-ACTIVATED PERSULFATE STABILITY 

Persulfate stability was measured using similar reactors as in the SOD testing, except that 

both non-alkaline and alkaline-activated persulfate solutions (100 and 200 g/L persulfate 

concentration) were utilized.  The control reactors did not contain soil.  The reactors were 

allowed to equilibrate over a 14-day test period, and persulfate concentrations were 

measured at 0, 1, 7, and 14 days.     

Persulfate decomposition in the presence of soil compared to the associated control (no soil) 

is illustrated on Figures 3A and 3B for initial persulfate concentrations of 100 and 200 g/L, 

respectively.  Persulfate concentration in contact with soil decreased as much as 50% 

(compared to virtually no change in the controls) over the first day of contact but then 

slowed over the remaining 13 days.  The steady decline in concentration observed in the 

controls with alkaline activation (relative to the controls without activation) over the 14-day 

period is attributed to the persulfate auto-decomposition mechanism.  Despite the reactions 

with the soil and from auto-decomposition, 30% to 50% of the persulfate was still in the 

system after 14 days of contact time. 

3.5 INJECTION SIMULATION 

The injection simulation was conducted to evaluate oxidant effectiveness due to the 

application of persulfate in three injection events.  A series of reactors were prepared to 

simulate 2 alkaline-activated persulfate concentration treatment scenarios: 50 and 200 g/L 

sodium persulfate.  The persulfate solutions were activated at two different ratios of NaOH 

to sodium persulfate.  The 50 g/L sodium persulfate reactors were treated with a 3 moles of 

NaOH for every mole of persulfate, and the 200 g/L sodium persulfate were treated with 2.5 

moles of NaOH for every mole of persulfate.  The difference in the NaOH:persulfate ratio 

between the two was intended to help account for the base buffering capacity and acids that 

may form during the reaction and the differences in SOD observed due to varied persulfate 

concentration during the SOD test. The control reactors contained no persulfate.  Each test 

condition was prepared in triplicate: two of the reactors for each condition were designated 

for laboratory analysis and the third for in-house measurements of pH, ORP, and residual 

oxidant at intermediate time points.  Refer to Table 1A for an outline of the test structure. 
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Three separate applications of oxidant were added to the reactors to simulate three 

injection events.  After 10 days of reaction time with the first oxidant application, the first 

set of reactors was sacrificed for laboratory analysis to measure VOCs in soil, and the 

second oxidant application was completed on the remaining reactors.  The third oxidant 

application was completed on day 20, and the remaining reactors were sacrificed for 

laboratory analysis after 31 days of total reaction time.  Soil was analyzed for VOCs in all of 

the reactors.  In addition, the aqueous portion of one of each pair was analyzed for VOCs to 

confirm that the treatment was effective for both soil and groundwater.  

Based on the results (Figure 4 and Appendix A, Table A-1), a single application of 50 g/L 

alkaline-activated persulfate decreased the concentration of CT and PCE on soils by 

approximately 73% and 75%, respectively, and achieved greater than 98% reduction after 

3 applications, relative to the associated controls.  Treatment with the first application of 

200 g/L alkaline-activated persulfate decreased the concentration of CT and PCE on soils by 

99% and 94%, respectively, and achieved greater than 99% reduction of both compounds 

after 3 applications, relative to the associated controls.  The groundwater data collected as 

part of the alkaline-activated persulfate injection simulation test confirmed that the VOC 

mass was reduced in both soil and groundwater, with decreases in groundwater of at least 

93%.   

Measurements of pH and ORP (Appendix A, Table A-2) confirmed that favorable 

geochemical conditions were maintained throughout the test duration. Additionally, 

measurements for residual persulfate in the reactors (Figure 5) indicated that despite the 

relatively high SOD, significant persulfate (greater than 40%) remained in the reactors 

between applications.  This indicates that additional reaction would likely have taken place 

had additional contact time between the oxidant and VOCs been allowed.  This residual 

persulfate is accounted for when developing the degradation ratio. 

A comparison of the degradation ratios (i.e., the mass of oxidant utilized relative to the 

mass of VOCs degraded) developed during the injection simulation tests (Table 3) indicates 

that ratios of 31 and 94 milligrams (mg) oxidant utilized per mg VOCs degraded were 

required for the systems containing 50 g/L and 200 g/L sodium persulfate, respectively.  

These numbers are based on a single application of persulfate and the corresponding 

amount of VOCs degraded.  The observed ratios are expected to be conservative as the 

mass of persulfate utilized during each experiment also includes the persulfate required for 

the SOD, persulfate consumed during the auto-decomposition, and any reactions that 
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occurred after the majority of VOCs had been treated.  Persulfate required for the SOD and 

auto-decomposition are expected to be independent of the VOC mass. 

3.6 METALS MOBILIZATION 

The assessment of potential metals mobilization was accomplished through analyses of 

groundwater samples for dissolved metals prior to and after the addition of activated 

persulfate.  The goal was to allow sufficient contact time (approximately seven days) of the 

oxidant with the soil to represent a worst-case scenario for the mobilization of metals from 

soils due to temporarily altered geochemical conditions.  Baseline groundwater samples 

were analyzed in duplicate for dissolved metals.  In addition, triplicate baseline samples of 

Site 47 soil were analyzed for total and TCLP metals to identify the total available 

concentration of metals that could theoretically be mobilized during highly oxidizing 

conditions from the soils at Site 47.  The baseline metals data (Table 4 and Appendix A, 

Table A-3) is shared between the alkaline-activated persulfate and catalyzed hydrogen 

peroxide metals mobilization tests. 

The test was conducted by adding 1 pore volume (47 mL) of 200 g/L alkaline-activated 

persulfate solution dissolved in distilled water to reactors containing 200 grams of 

composited soil.  The controls consisted of soil and distilled water only.  This test was run 

with triplicate reactors:  duplicate reactors for laboratory analysis and a single reactor for 

in-house measurements of pH, ORP, and residual oxidant.  After eight days of reaction time, 

the aqueous portion of each reactor was decanted and filtered into a laboratory container.  

The volume of each sample was increased, using distilled water, to provide sufficient volume 

(approximately 120 mL) for the laboratory analysis (Note that prior to initiation of the test, 

the baseline data was evaluated to determine the minimum amount of soil necessary for 

use in the testing to ensure laboratory results would be above reporting limits once the 

sample was diluted). 

As a result of the altered geochemical environment, several metals (Table 4) increased in 

concentration relative to the baseline and controls during alkaline-activated persulfate tests; 

most notably, aluminum (Al), arsenic (As), chromium (Cr), sodium (Na), and vanadium (V).  

Other metals, including calcium and iron, decreased to below detection limits.  Based on 
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natural geochemistry reactions, dissolved metals are expected to return to near baseline 

conditions once the geochemical conditions return to normal following the field application.2  

3.7 ALKALINE-ACTIVATED PERSULFATE TESTING CONCLUSIONS 

The results provided by the alkaline-activated persulfate testing support the use of alkaline-

activated persulfate for the effective treatment of the target VOCs at Site 47.  Utilizing the 

results of the test series described above (i.e., the combination of SOD, persulfate stability 

and the injection simulation results), the degradation ratio of the persulfate mass required 

to treat the VOC mass ranged from 31 to 94 mg/mg for the 50 g/L and 200 g/L treatment 

concentrations (Table 3), respectively.  The data suggest that a multiple injection strategy 

with approximately 50 g/L (or less) persulfate (or fewer applications of a higher persulfate 

concentration) can significantly decrease the mass of carbon tetrachloride and 

tetrachloroethene found in the subsurface.  Although shifts in geochemical conditions 

resulted in changes in the concentration of dissolved metals, the long-term impact of an 

alkaline-activated persulfate application on dissolved metals should be evaluated on the 

pilot-scale level. 

4.0 CATALYZED HYDROGEN PEROXIDE 

4.1 ACID BUFFERING CAPACITY 

As the application of catalyzed hydrogen peroxide (CHP, or Fenton’s Reagent) is typically 

conducted at a pH between 2.5 and 4.0, an acid buffering test was conducted to determine 

the amount of acid (i.e., sulfuric acid, H2SO4) required to achieve the target pH range in a 

mixture of Site 47 soil and groundwater.  The test was conducted by adding 2 pore volumes 

(14 mL) of increasing concentrations of H2SO4 dissolved in groundwater to separate vials 

containing 30 grams of soil.  Although field application of the acid is achieved in one pore 

volume (or less) typically, two pore volumes were required during testing so that enough 

liquid was present for monitoring.  Measurements of pH were conducted in the aqueous 

phase of each reactor at two time points: time = 1 and 7 days.  

The results from the acid buffering capacity test (Figure 6) indicate a slight rebound in the 

pH values with continued contact time with the soils.  The data also indicate that the mass 

of acid equivalent to 1 pore volume of sulfuric acid solution (at approximately 5 g/L) should 

                                                 
2 Crimi, M.L. and R.L. Siegrist, Geochemical effects on metals following permanganate oxidation of 
DNAPLs, Ground Water, July/August 2003, vol 41, no. 4, pg. 458. 
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be sufficient to decrease the aquifer to pH 3.0.  The sulfuric acid is usually delivered in less 

than one pore volume during field application. 

4.2 HYDROGEN PEROXIDE STABILITY 

Treatment by catalyzed hydrogen peroxide is typically limited by the stability of the 

hydrogen peroxide in the subsurface.  To evaluate this potential, a stability test was 

performed in which 2 pore volumes (4.7 mL) of 6% (approximately 50 g/L) hydrogen 

peroxide was added to reactors containing 10 grams soil that were monitored for the rate of 

peroxide decomposition.  The rate of peroxide decomposition in the presence of stabilization 

reagents [1 milliMolar (mM), 5 mM, and 10 mM citric acid, and 0.1 mM, 1mM, and 10 mM 

phytic acid] was also evaluated.3  The control reactors contained the reagents but no soil.  

Hydrogen peroxide concentrations were measured using sodium thiosulfate titration 

methods.  The reactors were allowed to equilibrate until the peroxide concentrations had 

decreased by at least 30% of the starting concentration (approximately 30 hours). 

The results (Table 5 and Figure 7) indicate that the half-life of hydrogen peroxide in the 

presence of soil only (no stabilization reagent) is approximately 7 hours.  Using citric and 

phytic acids, the hydrogen peroxide half-lives increased to between 13 and 94 hours, which 

is in the target half-life range typically recommended by XDD (i.e., 15 to 50 hours) for a 

field application of CHP.  Of the two stabilization agents tested, phytic acid was more 

effective at increasing hydrogen peroxide’s half-life.   

4.3 GAS AND HEAT EVOLUTION 

The decomposition of hydrogen peroxide and the degradation of organic material both 

generate gas and heat, with the potential for the accumulation of gas and/or heat in the 

subsurface.  However, the rate of gas and heat generation can be controlled using 

stabilizing reagents.  To measure these processes, a second set of reactors similar to those 

used in the hydrogen peroxide stability test was prepared.  Two control reactors were 

prepared:  one contained 6% hydrogen peroxide only; and one contained soil and 

groundwater.  A third reactor was prepared to represent the unstabilized reaction and 

contained soil and 6% hydrogen peroxide.   

                                                 
3 As discussed with CH2M HILL and documented in the technical memorandum entitled “Site 47 XDD 
Bench-Scale Studies – Path Forward for Peroxide and ZVI Studies”, dated October 11, 2006 
(CH2M HILL, 2006). 
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Gas evolution was measured in a closed-vessel system in which a Tedlar bag was connected 

to the top of each reactor with tubing.  The volume of gas generated for each reactor was 

measured using a syringe at intermediate time points.  Heat evolution was measured using 

dedicated SmartButton data loggers, which were attached to the bottom of each reactor.  

Temperature readings were automatically recorded every 5 minutes for the duration of the 

test. 

The gas evolution results (Table 6) from the control with soil and peroxide showed a 

significant spike in gas generation rate within 5 hours of contact.  However, the maximum 

rate observed in the reactors treated with the stabilization reagents was approximately 50% 

or less than that observed in the control.  Therefore, the use of stabilization agents not only 

decreases the rate of decomposition of hydrogen peroxide (providing a longer half-life), but 

also the rate of gas generation.  Although both phytic and citric acid were effective, 

stabilization with phytic acid produced a more consistent gas generation rate (i.e., a 

maximum spike in gas generation rate of 2.2 mL/hour was observed with phytic acid versus 

a maximum spike of 4.5 mL/hour with citric acid). 

The heat evolution results (Figure 8) illustrate that the majority of the heat was generated 

and dissipated within the first 12 hours.  Temperature in the control reactors ranged from 

70.7 to 80.6 oF for the duration of this test.  Contrary to the gas evolution, stabilization with 

citric acid produced a lower temperature differential than with phytic acid.  The reactors 

with the lower concentrations of phytic acid (0.1 and 1 mM) experienced a short-term 

increase in temperature of approximately 4 oF); however the reactor with the highest phytic 

acid concentration (10 mM) experienced a differential of less than 1 oF.   The temperature 

differentials in the reactors treated with citric acid were all less than 1.5 oF.  Overall, heat 

generation using stabilization reagents was relatively insignificant in magnitude during this 

testing. The heat generation for the unstabilized hydrogen peroxide system was not 

evaluated because hydrogen peroxide cannot be applied effectively and safely without a 

stabilization agent.  

4.4 INJECTION SIMULATION 

The injection simulation was conducted to evaluate oxidant effectiveness due to the 

application of peroxide in three injection events.  A series of reactors were prepared to 

simulate 2 CHP concentration treatment scenarios: 1% and 6% hydrogen peroxide.  The 

hydrogen peroxide solutions were catalyzed with citric acid (based on discussion with CH2M 

HILL and the Navy, and primarily due to previous successful field applications using citric 
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acid and the lack of field applications with phytic acid4).  The controls consisted of Site 47 

soil and groundwater only.  Each test condition was prepared in triplicate: two of the 

reactors for each condition were designated for laboratory analysis and the third for in-

house measurements of pH, ORP, and residual oxidant at intermediate time points.  Refer to 

Table 1B for an outline of the test structure. 

Similar to the alkaline-activated persulfate test, three separate applications of oxidant were 

added to the reactors to simulate three injection events.  After 5 days of reaction time with 

the first oxidant application, the first set of reactors was sacrificed for laboratory analysis to 

measure VOCs in soil, and the second oxidant application was completed on the remaining 

reactors.  The third oxidant application was completed on day 11, and the remaining 

reactors were sacrificed for laboratory analysis after 18 days of total reaction time.  Soil was 

analyzed for VOCs in all of the reactors.  In addition, the aqueous portion of one of each 

pair was submitted to the laboratory for VOC analysis to confirm that the treatment was 

effective for groundwater (Unfortunately NEL inadvertently decanted and disposed of the 

aqueous portion of the reactors; therefore groundwater data for the third application 

reactors are not available).  

Based on the results (Figure 9 and Appendix A, Table A-4), a single application of 1% 

hydrogen peroxide decreased the concentration of CT and PCE on soils by 50% and 73%, 

respectively, and achieved 83% and 94% reduction after 3 applications, respectively 

(relative to the associated controls).  Treatment with the first application of 6% hydrogen 

peroxide decreased the concentration of CT and PCE on soils by 97% and 99%, 

respectively, and achieved approximately 99% and 96% reduction, respectively, after 3 

applications (relative to the associated controls).  The baseline groundwater data and 

supporting soil data are provided in Appendix A (Table A-4).   

Measurements of pH and ORP (Appendix A, Table A-5) confirmed that favorable 

geochemical conditions were maintained throughout the test duration. Additionally, the 

results from the residual hydrogen peroxide measurements (Figure 10) show that the first 

application of hydrogen peroxide (for both CHP concentrations) was essentially utilized in 

less than five days.  Following the second and third applications, 2.3% and 4.1% hydrogen 

peroxide, respectively, remained in the 6% CHP reactors, which indicates that the hydrogen 

                                                 
4 As discussed with CH2M HILL and documented in the technical memorandum entitled “Site 47 XDD 
Bench-Scale Studies – Path Forward for Peroxide and ZVI Studies”, dated October 11, 2006 
(CH2M HILL, 2006). 
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peroxide would have likely continued to degrade the VOCs given additional contact time.  

Although the hydrogen peroxide in the 1% CHP reactors was fully utilized within the time 

allowed between applications, the reduction in VOCs following the third application (83% 

and 94% reduction for CT and PCE, respectively) indicates that this lower concentration 

applied over multiple time points is adequate for effective degradation of target VOCs at 

Site 47.  The residual hydrogen peroxide is subtracted from the initial concentration when 

developing the degradation ratio. 

A comparison of the degradation ratios (i.e., the mass of oxidant utilized relative to the 

mass of VOCs degraded) developed during the CHP injection simulation tests (Table 7) 

shows that ratios of approximately 27 and 108 mg of oxidant utilized per mg of VOCs 

degraded were required for the systems containing 1% and 6% hydrogen peroxide, 

respectively.  The ratios are based on a single application of peroxide and the corresponding 

amount of VOCs degraded.  Although the relatively high degradation ratio of 27 mg/mg 

observed for th 1% CHP reactors, elevated VOC concentrations were still present in the 

reactor after treatment, suggesting that this is likely a representative degradation ratio for 

hydrogen peroxide for this site.  The degradation ratio of 108 mg/mg observed in the 6% 

CHP system is considered conservative as significant loss of hydrogen peroxide is expected 

to due auto-decomposition reactions occurring after the majority of the VOCs had been 

degraded. 

4.5 METALS MOBILIZATION 

The metals mobilization test for catalyzed hydrogen peroxide was carried out in a similar 

manner and concurrent with the alkaline-activated persulfate metals mobilization test.  The 

baseline data for soil and groundwater (Table 4 and Appendix A, Table A-3) was shared 

between the alkaline-activated persulfate and catalyzed hydrogen peroxide metals 

mobilization tests. 

The test was conducted by adding one pore volume 47 mL of stabilized 6% hydrogen 

peroxide solution dissolved in distilled water to reactors containing 200 grams of composited 

soil.  The controls consisted of soil and distilled water only.  This test was run with triplicate 

reactors:  duplicate reactors for laboratory analysis and a single reactor for in-house 

measurements of pH, ORP, and residual oxidant.  After seven days of reaction time, the 

aqueous portion of each reactor was decanted and filtered into a laboratory container.  The 

volume of each sample was increased, using distilled water, to provide sufficient volume 

(approximately 120 mL) for the laboratory analysis (Note that prior to initiation of the test, 
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the baseline data was evaluated to determine the minimum amount of soil necessary for 

use in the testing to ensure laboratory results would be above reporting limits once the 

sample was diluted). 

As a result of the altered geochemical environment, several metals (Table 3) increased in 

concentration relative to the baseline and controls; most notably, Al, Cr, copper (Cu), iron 

(Fe), and V.  Other metals, including arsenic and barium, decreased to below detection 

limits.  Dissolved metals are expected to return to near baseline conditions once the 

geochemical conditions return to normal following the field application5.  

4.6 CATALYZED HYDROGEN PEROXIDE TESTING CONCLUSIONS 

The results provided by the hydrogen peroxide testing support the use of CHP for the 

effective treatment of the target VOCs at Site 47.  Utilizing the results of the test series 

described above (i.e., the combination of acid buffering capacity, hydrogen peroxide 

stability, gas/heat evolution and the injection simulation results), the degradation ratio of 

the hydrogen peroxide mass required to treat the VOC mass ranged from approximately 27 

to 108 mg/mg for the 1% and 6% treatment concentrations (Table 7), respectively.  The 

data suggest that a single injection event with approximately 6% CHP could be effective (if 

properly implemented) at significantly decreasing the mass of carbon tetrachloride and 

tetrachloroethene present in the subsurface (greater than 90% observed in the testing).  

Multiple applications of the 1% treatment conditions would also be effective at this site. 

Citric acid is the recommended stabilization agent for reasons discussed above.  Although 

shifts in geochemical conditions resulted in changes in the concentration of dissolved 

metals, the long-term impact of a CHP application on dissolved metals should be evaluated 

on the pilot-scale level. 

5.0 ZERO VALENT IRON 

The primary concerns with applying ZVI treatment include attainment of sufficient ZVI 

contact/mass with the target VOCs and the potential generation and accumulation of by-

products.  The ZVI evaluation utilized three ZVI products:   

• NZVI, or nano-scale zero valent iron (Toda iron; 10-100 nm); 

• H200 ZVI, or micron-scale ZVI (H200 – fine; 30-100 μm); and 

                                                 
5 Crimi, M.L. and R.L. Siegrist, Geochemical effects on metals following permanganate oxidation of 
DNAPLs, Ground Water, July/August 2003, vol 41, no. 4, pg. 458. 
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• Ni-Cat ZVI, or micron-scale nickel-catalyzed ZVI (Hoeganaes Fine Particle 2 Ni–Iron; 

5-30 μm). 

5.1 INJECTION SIMULATION 

The injection simulation was conducted to evaluate the rate of degradation and overall ZVI 

effectiveness using two different mass ratio loadings of each ZVI over time.  Based on 

vendor recommendations, research, prior experience and discussions with CH2M HILL, ZVI 

mass loadings of 0.4% and 1.5% of soil by weight were utilized in the injection simulation 

test.6  The control reactors consisted of soil and groundwater only.  Each test condition was 

prepared in triplicate: two of the reactors for each condition were designated for laboratory 

analysis and the third for in-house measurements of pH and ORP at intermediate time 

points.  Refer to Table 1C for an outline of the test structure. 

Duplicate reactors (including controls) for each ZVI system were evaluated at three time 

steps:  7 days (Time 1), 14 days (Time 2), and 21 days (Time 3) for the analysis of VOCs in 

soil.  In addition, the aqueous portion of one each pair at Time 3 was analyzed for VOCs to 

confirm that the treatment was effective for both soil and groundwater.   

The treatment effectiveness for PCE was significantly less than that for CT, and the 

degradation of CT resulted in the accumulation of by-products, including chloroform, 

methylene chloride and chloromethane (Figures 11A, 11B and 11C, and Appendix A, Table 

A-6).  Measurements of pH and ORP (Appendix A, Table A-7) confirmed that favorable 

geochemical conditions were maintained throughout the test duration. 

• NZVI  

o By Day 7, CT was reduced to below detection limits; 

o Chloroform and methylene chloride were observed as degradation products 

during treatment; 

o Methylene chloride was the predominant by-product produced and 

accumulated by this ZVI type (up to 70 times the control concentration), with 

the highest concentrations occurring in the low ZVI mass loading reactors; 

and 

                                                 
6 As discussed with CH2M HILL and documented in the technical memorandum entitled “Site 47 XDD 
Bench-Scale Studies – Path Forward for Peroxide and ZVI Studies”, dated October 11, 2006 
(CH2M HILL, 2006). 
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o PCE was not affected by the low NZVI mass loading (virtually no change 

compared to the controls), but did decrease by 81% by Day 21 in the high 

NZVI mass loading reactors. 

• H200 ZVI  

o The low ZVI mass loading yielded the least CT degradation; however 

minimum reduction observed was 96%; 

o Chloroform and methylene chloride were formed as degradation products; 

o Chloroform was the predominant by-product produced and accumulated by 

this ZVI type (up to 30 times the control concentration); and 

o PCE was not affected by either ZVI mass loading. 

• Ni-Cat ZVI  

o By Day 7, CT was reduced to below detection limits; 

o Chloroform and methylene chloride were formed as degradation products; 

o Methylene chloride was the predominant by-product produced and 

accumulated by this ZVI type (up to 330 times the control concentration); 

and 

o The maximum PCE reduction observed was by Day 21 with approximately 

56% and 41% PCE decrease with the low and high ZVI mass loading 

conditions, respectively. 

In general, the relative effectiveness of each ZVI type (using Day 21 data and incorporating 

the generation of degradation products) was approximately NZVI > Ni-Cat ZVI > H200 ZVI.  

Other general conclusions based on the comparison of the ZVI types include: 

o The H200 chloroform concentrations (both soil and groundwater) are roughly 

two orders of magnitude higher than the other ZVI types, which were similar 

in concentration; 

o The Ni-CAT methylene chloride concentrations (both soil and groundwater) 

are roughly two orders of magnitude higher than the other ZVI types, which 

were relatively similar in concentration (the H200 soil concentration was 

lower); 

o No significant differences in chloromethane soil concentrations were observed 

between the ZVI products, although groundwater concentrations were higher 

with the Ni-CAT ZVI; and 

o PCE concentrations in the H200 ZVI reactors were significantly higher (both 

soil and groundwater) than the other ZVI types, but TCE concentrations (a 
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PCE by-product), which were observed for all three ZVI types, were highest in 

the NZVI reactors. 

5.2 ZVI EXHAUSTION  

The ZVI exhaustion tests were intended to evaluate the potential VOC reduction capacity of 

each type of ZVI.  Using the information acquired from the ZVI injection simulation test, 

another set of reactors (a control system and three VOC loading systems) was initiated to 

evaluate the potential decrease in the ZVI reactivity as a function of VOC mass loading 

(refer to the setup outlined in Table 1C).  This was accomplished by applying three different 

loadings of CT and PCE to the same mass of ZVI (0.75% by soil weight): 

• Low = 150,000 μg/Kg CT and 5 mg/Kg PCE;  

• Medium = 3,000,000 μg/Kg CT and 100 mg/Kg PCE; and  

• High = 15,000,000 μg/Kg CT and 500 mg/Kg PCE.  

 

Baseline samples of each of the three VOC loadings were submitted in duplicate for 

laboratory analysis at the start of the test.  After 23 days of reaction time the duplicate 

reactors and controls were sent to the laboratory for the analysis of VOCs in soil.   

The actual VOC concentrations measured in the baseline and control reactors were 

significantly less than the target loadings presented above, largely due to the high volatility 

of the subject VOCs.  However, three ranges of VOC loading were still accomplished, and 

the results of the ZVI exhaustion test (Figure 12 and Appendix A, Table A-8) illustrate 

degradation patterns generally similar to those observed in the injection simulation test 

including the development of chloroform (most predominant in the H200 ZVI reactors), and 

methylene chloride (most predominant in the Ni-Cat ZVI reactors).  The largest percentage 

of CT and PCE degradation in the ZVI exhaustion test was observed in the reactors with the 

low VOC loading. CT was significantly degraded in all of the reactors at the three VOC 

loading levels.  PCE was relatively unaffected (accounting for variability associated with 

spiking and laboratory soil analysis) in the medium and high VOC loading reactors for all 

ZVI types.  

The data generated from this test were also used to develop ZVI degradation ratios (Table 

8), or the mass of ZVI required to degrade a mass of VOCs (e.g., gram of ZVI per gram of 

VOCs).  As shown in the table, the degradation ratio appears to decrease with increasing 
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initial VOC concentration.  However, factors that may limit the applicability of these 

degradation ratios to determine field application requirements include: 

• The degradation ratios do not account for the generation of by-products; and 

• An accurate estimate of the mass of ZVI utilized could not be calculated because 

residual ZVI was not measured at the conclusion of the test.  Therefore, in order to 

determine the ratios presented on Table 8, it was assumed that the entire mass of 

ZVI applied to each reactor was utilized.   

5.3 ZVI TESTING CONCLUSIONS 

Inadequate treatment efficiencies were observed with the ZVI technologies, including 

incomplete degradation of the target VOCs, specifically PCE, and significant generation of 

regulated by-products, such as chloroform and methylene chloride.  Therefore, the ZVI 

technologies tested in this bench-scale evaluation are not recommended for field application 

at Site 47.   

6.0 RECOMMENDATIONS 

 

The bench-scale evaluation data support the conclusion that both alkaline-activated 

persulfate and catalyzed hydrogen peroxide are effective treatment options for the carbon 

tetrachloride and tetrachloroethene compounds present at Site 47.  Based on the results of 

this evaluation, XDD recommends field evaluation of either of these technologies.  

Conceptual pilot test design parameters are provided below for the alkaline-activated 

persulfate and catalyzed hydrogen peroxide options. 

Alkaline-activated Persulfate 

• Base Buffering Capacity:  0.1 g of NaOH for every Kg of soil in the target should be 

added to the injection solution to account for the base buffering capacity of the soil. 

• Sodium Persulfate Concentration:  Based on the observed increasing SOD with 

increasing initial persulfate concentration, and because of potential density effects 

involving high concentrations of persulfate, XDD recommends a multiple application 

strategy involving concentrations of persulfate at approximately 50 g/L. 

• Alkaline Activation:  Due to the potential evolution of acid during the decomposition 

of persulfate, XDD recommends two moles of NaOH for every mole of persulfate in 

solution. 
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• Injection Well Configuration:  Injection wells should be spaced between 25 and 30 

feet apart in an offset grid pattern.  The vertical treatment interval for each injector 

should be no more than 8 feet. If baseline sampling confirms a target interval of 10 

feet or more, multiple vertical injector intervals are recommended.   If injection 

through direct push points is conducted, the spacing between points should be 

decreased (to approximately 15 to 20 feet apart) to reflect the lower volume of 

injected solution per point and/or reduced radius of influence.   

Catalyzed Hydrogen Peroxide 

• Acid Buffering Capacity:  Pre-dosing the site with the equivalent of 1 pore volume of 

5 g/L of sulfuric acid in the target area should be conducted to achieve the target pH. 

• Gas Evolution Control:  Depending on vadose zone features at the site, it is possible 

that a vadose zone gas collection system may be required with the implementation 

of CHP.  This would include several points installed within the treatment area to 

extract soil gas during application of CHP.  Pressure at monitoring points within the 

vadose zone would also be measured. 

• Hydrogen Peroxide Concentration:  XDD recommends multiple doses of a full pore 

volume of hydrogen peroxide at a concentration between 3% and 6% (by weight).  

The exact concentration and number of applications should be determined during the 

field application design considering such issues as site remedial goals, mass of 

oxidant required, site access, and cost.   

• Hydrogen Peroxide Stabilization:  Citric acid (10 mM) should be used to achieve the 

desired hydrogen peroxide half-life and to control the rate of gas/heat evolution. 

• Injection Well Configuration:  Injection wells should be spaced between 12 and 16 

feet apart in an offset grid pattern.  The vertical treatment interval for each injector 

should be no more than 8 feet. If baseline sampling confirms a target interval of 10 

feet or more, multiple vertical injector intervals are recommended.  If injection 

through direct push points is conducted, the spacing between points should be 

decreased (to approximately 8 to 10 feet apart) to reflect the lower volume of 

injected solution per point and/or reduced radius of influence. 

 

In addition to the technology-specific recommendations, XDD also recommends the 

following as general guidance for the Site 47 pilot test: 
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• A multiple injection strategy involving a minimum of thee monitoring events and two 

injection events as follows: 

o Baseline Monitoring Event; 

o First Injection Event; 

o Intermediate Monitoring Event (at a minimum of 30 days post-injection); 

o Second Injection Event; and 

o Final Monitoring Event (at a minimum of 30 days post-injection). 

• A sampling strategy that includes both soil and groundwater sample collection during 

each monitoring event described above.  Specific parameters include: 

o Composited soil samples should be collected from multiple intervals at each 

sampling location.  This will help to minimize sample bias from using grab 

samples at distinct intervals, and is an important aspect of the sampling 

strategy; and 

o Groundwater should be monitored for the target VOCs, chloride and metals of 

concern.  

• Groundwater monitoring locations should be installed at varying distances from the 

injection wells throughout the injection area.  This will allow for the assessment of 

the horizontal distribution of the injected reagents during the injection event and 

similarly, the assessment of the impact of the treatment at different distances from 

the injection wells.  During and following injection, field parameters that should be 

monitored at nearby monitoring wells to assess the distribution of the reagents 

include oxidant concentration, conductivity, ORP and pH. 

 



Reactors Sample Type Analysis
1 soil VOCs (CLP OLM04.3)
1 soil VOCs (CLP OLM04.3)

Low NaOH 1 soil VOCs (CLP OLM04.3)
Medium NaOH 1 soil VOCs (CLP OLM04.3)
High NaOH 1 soil VOCs (CLP OLM04.3)

Reactors Sample Type Analysis
2 soil VOCs (CLP OLM04.3)
1 water VOCs (CLP OLM04.3)
2 soil VOCs (CLP OLM04.3)
1 soil pH, ORP, persulfate4

App. 2
2 soil VOCs (CLP OLM04.3)
1 soil pH, ORP, persulfate4

1 water VOCs (CLP OLM04.3)
2 soil VOCs (CLP OLM04.3)
1 soil pH, ORP, persulfate4

App. 2
2 soil VOCs (CLP OLM04.3)
1 soil pH, ORP, persulfate4

1 water VOCs (CLP OLM04.3)
2 soil VOCs (CLP OLM04.3)
1 soil pH, ORP, persulfate4

App. 2
2 soil VOCs (CLP OLM04.3)
1 soil pH, ORP, persulfate4

1 water VOCs (CLP OLM04.3)

Reactors Sample Type Analysis
35 soil Total Metals, TCLP Metals
25 water Dissolved Metals (CLP ILM05.2)
2 water Dissolved Metals (CLP ILM05.2)
2 water Dissolved Metals (CLP ILM05.2)

Notes:
1  Control = soil and sodium hydroxide (NaOH) equivalent to the NaOH concentration of the 200 g/L alkaline activated persulfate solution.
2  Low dose = 50 grams per liter (g/L) persulfate and NaOH at a concentration of 1 mole persulfate to 3 moles NaOH.
3  High dose = 200 g/L persulfate and NaOH at a concentration ratio of 1 mole persulfate to 2.5 moles NaOH.
4   Residual persulfate is determined by iodometric titrations.
5  Baseline results were shared between the alkaline-activated persulfate and catalyzed hydrogen peroxide metals mobilization test.
6  High was selected to create most extreme case scenario.
ORP = oxidation reduction potential
TCLP = toxicity characteristic leaching procedure
VOCs = volatile organic compounds
App. 1 = First application of reagent solutions (analyzed after 10 days of contact) 
App. 2 = Added after 10 days of contact
App. 3 = Third application of reagent solutions added after 20 days of contact (analyzed after 31 days of contact)

High6
Control

Baseline

Baseline

App. 3

App. 1

App. 3

App. 3

App. 1

Metals Mobilization Test

High 
Persulfate3

Baseline
Control

High 
Persulfate

App. 1

Injection Simulation Test

Control1

Low 
Persulfate2

Site 47, Indian Head, Maryland

Table 1A
Alkaline-Activated Persulfate Evaluation Structure

Preliminary Test
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Reactors Sample Type Analysis
2 soil VOCs (CLP OLM04.3)
1 water VOCs (CLP OLM04.3)
2 soil VOCs (CLP OLM04.3)
1 soil pH, ORP, peroxide7

App. 2
2 soil VOCs (CLP OLM04.3)
1 soil pH, ORP, peroxide7

15 water VOCs (CLP OLM04.3)
2 soil VOCs (CLP OLM04.3)
1 soil pH, ORP, peroxide7

App. 2
26 soil VOCs (CLP OLM04.3)
1 soil pH, ORP, peroxide7

15 water VOCs (CLP OLM04.3)
2 soil VOCs (CLP OLM04.3)
1 soil pH, ORP, peroxide7

App. 2
2 soil VOCs (CLP OLM04.3)
1 soil pH, ORP, peroxide7

15 water VOCs (CLP OLM04.3)

Reactors Sample Type Analysis
38 soil Total Metals, TCLP Metals
28 water Dissolved Metals (CLP ILM05.2)
2 water Dissolved Metals (CLP ILM05.2)
2 water Dissolved Metals (CLP ILM05.2)

Notes:
1  Control = soil and groundwater only.
2  Low Peroxide = 1% hydrogen peroxide activated with 10 millimoles per liter (mM) citric acid.
3  High Peroxide = 6% hydrogen peroxide activated with 10 mM citric acid.
4  Baseline results were shared between the catalyzed hydrogen peroxide and ZVI tests.  
5  Analysis was requested but the laboratory inadvertently did not analyze.
6  One of the two reactors was not analyzed - sample broke during shipment to laboratory.
7   Residual Peroxide is determined by Iodometric titrations.
8  Baseline results were shared between the alkaline persulfate and catalyzed hydrogen peroxide metals mobilization test.
9  High was selected to create most extreme case scenario.
ORP = oxidation reduction potential
TCLP = toxicity characteristic leaching procedure
VOCs = volatile organic compounds
App. 1 = First application of reagent solutions (analyzed after 5 days of contact)
App. 2 = Added after 5 days of contact
App. 3 = Added after 11 days of contact (analyzed after 18 days of contact)

High9

Metals Mobilization Test

Injection Simulation Test

Control2

Low 
Peroxide3

High 
Peroxide4

Control

App. 3

App. 1

Site 47, Indian Head, Maryland

Table 1B
Catalyzed Hydrogen Peroxide Evaluation Structure

App. 3

Baseline1

App. 3

App. 1

Baseline

App. 1

Page 2 of 3 XDD, LLC



Reactor Sample Type Analysis
shared soil VOCs (CLP OLM04.3)
shared water VOCs (CLP OLM04.3)

2 soil VOCs (CLP OLM04.3)
1 soil pH, ORP
2 soil VOCs (CLP OLM04.3)
1 soil pH, ORP
2 soil VOCs (CLP OLM04.3)
1 soil pH, ORP
1 water VOCs (CLP OLM04.3)
2 soil VOCs (CLP OLM04.3)
1 soil pH, ORP
2 soil VOCs (CLP OLM04.3)
1 soil pH, ORP
2 soil VOCs (CLP OLM04.3)
1 soil pH, ORP
2 soil VOCs (CLP OLM04.3)
1 soil pH, ORP
2 soil VOCs (CLP OLM04.3)
1 soil pH, ORP
1 water VOCs (CLP OLM04.3)
2 soil VOCs (CLP OLM04.3)
1 soil pH, ORP
1 water VOCs (CLP OLM04.3)
2 soil VOCs (CLP OLM04.3)
1 soil pH, ORP
2 soil VOCs (CLP OLM04.3)
1 soil pH, ORP
2 soil VOCs (CLP OLM04.3)
1 soil pH, ORP
2 soil VOCs (CLP OLM04.3)
1 soil pH, ORP
2 soil VOCs (CLP OLM04.3)
1 soil pH, ORP
1 water VOCs (CLP OLM04.3)
2 soil VOCs (CLP OLM04.3)
1 soil pH, ORP
1 water VOCs (CLP OLM04.3)
2 soil VOCs (CLP OLM04.3)
1 soil pH, ORP
2 soil VOCs (CLP OLM04.3)
1 soil pH, ORP
2 soil VOCs (CLP OLM04.3)
1 soil pH, ORP
2 soil VOCs (CLP OLM04.3)
1 soil pH, ORP
2 soil VOCs (CLP OLM04.3)
1 soil pH, ORP
1 water VOCs (CLP OLM04.3)
2 soil VOCs (CLP OLM04.3)
1 soil pH, ORP
1 water VOCs (CLP OLM04.3)

Reactors Sample Type Analysis
Low ZVI VOC loading 2 soil VOCs (CLP OLM04.3)
Med VOC loading 2 soil VOCs (CLP OLM04.3)
High ZVI VOC loading 2 soil VOCs (CLP OLM04.3)
Low ZVI VOC loading 2 soil VOCs (CLP OLM04.3)
Med VOC loading 2 soil VOCs (CLP OLM04.3)
High ZVI VOC loading 2 soil VOCs (CLP OLM04.3)
Low ZVI VOC loading 2 soil VOCs (CLP OLM04.3)
Med VOC loading 2 soil VOCs (CLP OLM04.3)
High ZVI VOC loading 2 soil VOCs (CLP OLM04.3)
Low ZVI VOC loading 2 soil VOCs (CLP OLM04.3)
Med VOC loading 2 soil VOCs (CLP OLM04.3)
High ZVI VOC loading 2 soil VOCs (CLP OLM04.3)
Low ZVI VOC loading 2 soil VOCs (CLP OLM04.3)
Med VOC loading 2 soil VOCs (CLP OLM04.3)
High ZVI VOC loading 2 soil VOCs (CLP OLM04.3)

Notes:
1  Baseline results were shared between the catalyzed hydrogen peroxide and ZVI tests.
2  Time 1, Time 2, and Time 3 samples were sacrificed for analysis after 7, 14, and 21 days of reaction time, respectively.
n/a = not applicable
ORP = oxidation reduction potential
VOCs = volatile organic compounds

Baseline

Ni-Cat ZVI

Time 12
Low ZVI

High ZVI

Time 22
Low ZVI

High ZVI

Time 32

Low ZVI

High ZVI

Low ZVI

High ZVI

Time 32

Low ZVI

High ZVI

High ZVI

H200 ZVI

NZVI

H200 ZVI

Control

NZVI

Time 12
Low ZVI

High ZVI

Time 22

Ni-Cat ZVI

Exhaustion Test

Time 12
Low ZVI

High ZVI

Time 22
Low ZVI

High ZVI

Low ZVI

Time 32

Table 1C
Zero Valent Iron (ZVI) Evaluation Structure

Site 47, Indian Head, Maryland

Injection Simulation Test

Baseline1

Time 12

Time 22
Control

Time 32
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Soil Oxidant Demand

(g oxidant/Kg soil)

50 g/L sodium persulfate 7

100 g/L sodium persulfate 15

200 g/L sodium persulfate 25

Notes:
Sodium persulfate solutions were non-alkaline.
Reagents were allowed to contact site soil for approximately 7 days.
Reagents occupied 20 mL in 30 grams soil.
g/L = grams per liter

Table 2
Soil Oxidant Demand Test Results

Site 47, Indian Head, Maryland

Reactors
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Applied Persulfate 
Concentration (g/L)

Mass of Alkaline-
Activated Persulfate 

Utilized (mg)

Mass of VOCs1       

Degraded (mg)

Degradation 
Ratio2

(mg Persulfate /
mg VOCs)

50 303 10 31

200 1,264 13 94

Notes:
mg = milligrams 
g/L = grams per liter
VOCs = volatile organic compounds - includes only carbon tetrachloride and tetrachloroethene
1 Mass of VOC degraded based on 40 g wet soil
2 Degradation ratio = (Mass of Alkaline-Activated Persulfate Utilized) / (Mass of VOCs Degraded)
Soil mass per batch reactor = 40 g
Pore volume = 9.4 mL

Alkaline-Activated Persulfate - Degradation Ratios
Table 3

Site 47, Indian Head, Maryland
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% Change1 % Change1

Aluminum 2,800 3,000 2,900 7,742 9,290 8,516 74,667 268,800 171,733 1917 342,295 310,345 326,320 3732
Antimony 60 U 60 U 60 U 232 U 232 U 232 U 320 U 288 U 320 U N/C 236 U 248 U 248 U N/C
Arsenic 38 44 41 116 U 116 U 116 U 517 1,680 1,099 847 118 U 124 U 124 U N/C
Barium 69 73 71 194 U 116 U 194 U 267 U 240 U 267 U N/C 197 U 207 U 207 U N/C
Beryllium 5 U 5 U 5 U 23 27 25 27 U 24 U 27 U N/C 102 95 99 292
Cadmium 5 U 5 U 5 U 46 58 52 27 U 24 U 27 U -48 79 70 75 43
Calcium 6,200 5,400 5,800 42,581 50,323 46,452 10,667 U 9,600 U 10,667 U -77 51,148 49,655 50,401 9
Chromium 10 U 10 U 10 U 39 U 39 U 39 U 2,080 5,280 3,680 9336 3,659 3,807 3,733 9472
Cobalt 60 64 62 1,703 2,090 1,897 1,120 96 U 608 * -68 2,872 2,855 2,864 51
Copper 25 U 25 U 25 U 174 205 190 437 120 U 279 * 47 3,777 3,600 3,689 1845
Iron 18,000 18,000 18,000 774 U 774 U 774 U 1,067 U 960 U 1,067 U N/C 302,951 306,207 304,579 39251
Lead 15 U 15 U 15 U 58 U 58 U 58 U 80 U 72 U 80 U N/C 303 286 294 407
Magnesium 3,700 3,700 3,700 27,097 32,516 29,806 25,067 4,800 U 14,933 * -50 37,377 36,414 36,895 24
Manganese 150 160 155 3,406 4,258 3,832 3,253 72 U 1,663 * -57 5,508 5,379 5,444 42
Mercury 0.5 U 0.5 U 0.5 U nm nm nm nm nm nm nm nm nm nm nm
Nickel 49 52 51 890 1,084 987 213 U 192 U 213 U -78 1,534 1,490 1,512 53
Potassium 2,000 U 2,000 U 2,000 U 7,742 9,290 8,516 22,400 9,600 U 16,000 88 17,705 22,345 20,025 135
Selenium 35 U 35 U 35 U 135 U 135 U 135 U 187 U 293 240 * 78 138 U 145 U 145 U N/C
Silver 10 U 10 U 10 U 39 U 39 U 39 U 53 U 48 U 53 U N/C 39 U 41 U 41 U N/C
Sodium 20,000 21,000 20,500 19,355 17,419 18,387 20,266,667 86,400,000 53,333,333 289958 15,738 82,759 49,248 168
Thallium 50 U 50 U 50 U 194 U 194 U 194 U 267 U 240 U 267 U N/C 197 U 207 U 207 U N/C
Vanadium 43 57 50 97 U 97 U 97 U 133 U 8,160 4,147 * 4175 7,082 6,207 6,644 6750
Zinc 170 140 155 2,129 2,632 2,381 2,240 288 U 1,264 * -47 3,856 36,414 20,135 746

Notes:
1  Percentage increase (+) or decrease (-) in average concentration compared to control 
µg/L = micrograms per liter
U = not detected at the indicated concentration
* = indicates dissimilar laboratory qualifiers (i.e., If one qualifier is U and the other is a detection, then it is represented by * ); values were averaged
nm = not measured
The controls contained soil and distilled water.
The baseline contained only site groundwater.
Alkaline-Activated Persulfate = 1 pore volume (47 mL) of sodium persulfate solution (200 g/L) activated with sodium hydroxide (2 moles per liter (M)).
Catalyzed Hydrogen Peroxide = 1 pore volume (47 mL) of  hydrogen peroxide solution (6%) catalyzed with citric acid (20 mM).
Reactors were sacrificed for analysis after 8 days of contact.
N/C = not calculated because both results were below detection limits.

Baseline Results
Baseline Baseline Dupe Average

Table 4

Site 47, Indian Head, Maryland

Dissolved 
Metals (µg/L)

Metals Mobilization Test - Dissolved Metals in Water

Control Control Dupe AveragePersulfate 2 AveragePersulfate 1Average
Control Results

Peroxide 1 Peroxide 2
Alkaline Persulfate Results Catalyzed Hydrogen Peroxide Results
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Reactor Half-Life1 (hours) R2

Control (Soil and 6% H2O2 only) 7.0 0.973

6% H2O2, 10 mM CA 15.2 0.972

6% H2O2, 20 mM CA 13.3 0.974

6% H2O2, 50 mM CA 20.0 0.940

6% H2O2, 0.1 mM PA 13.9 0.946

6% H2O2, 1 mM PA 19.0 0.970

6% H2O2, 10 mM PA 93.7 0.988

Notes: 

where
C = Concentration of H2O2 ;
C0 = Concentration of H2O2 at time zero ; and
k = slope of the plot.

R2  = Coefficient of determination, (R-squared value: A number from 0 to 1 that reveals how closely 
          the estimated values for the trendline correspond to the actual data. A trendline is most reliable when
          its R-squared value is at or near 1).
H2O2 = hydrogen peroxide
CA = citric acid
PA = phytic acid
mM = millimoles per liter
Each reactor contained 10 grams of soil with 4.7 ml (2 pore volumes) of reagent solution.

Table 5

1 Based on first-order model of hydrogen peroxide decomposition:  First order equation: C = C 0 e
- k t  

Site 47, Indian Head, Maryland
Hydrogen Peroxide Stability Test Results
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Rate 
(mL/hr)

Cumulative 
(mL)

Rate 
(mL/hr)

Cumulative 
(mL)

Rate 
(mL/hr)

Cumulative 
(mL)

0 0.0 0.0 0 0.0

3.0 0.0 0.0 1.3 4.0 3.7 7.6 28.0

20.4 0.5 8.0 0.1 6.0 4.6 8.9 36.0

43.8 0.2 12.0 0.1 8.0 29 1.2 66.0

66.8 0.0 13.0 0.0 9.0 68.8 0.3 79.5

91.5 0.1 14.5 0.1 11.0 92.3 0.3 86.5

Rate 
(mL/hr)

Cumulative 
(mL)

Rate 
(mL/hr)

Cumulative 
(mL)

Rate 
(mL/hr)

Cumulative 
(mL)

Rate 
(mL/hr)

Cumulative 
(mL)

Rate 
(mL/hr)

Cumulative 
(mL)

Rate 
(mL/hr)

Cumulative 
(mL)

0 0.0 0.0 0.0 0.0 0.0 0.0

3.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.7 2.0

20.4 4.5 78.0 3.7 64.0 0.3 5.5 1.0 18.0 2.2 37.5 1.4 26.0

43.8 1.6 115.0 1.7 104.0 2.7 67.5 0.5 30.5 1.1 63.5 1.1 52.0

66.8 0.3 122.0 0.4 114.0 0.9 87.5 0.3 38.5 0.3 71.5 1.3 82.0

91.5 0.2 126.0 0.1 117.5 1.1 114.0 0.1 40.5 0.2 77.0 0.9 103.0

Notes: 
H2O2 = hydrogen peroxide
mL/hr = milliliters per hour
mM = millimoles per liter
All H2O2 concentrations were 6%.
Each reactor contained 11.5 grams of soil with 5.4 mL (2 pore volumes) of reagent solution.

Time 
(hours)

20 mM

H2O2 Stabilized with Citric Acid

50 mM

Table 6
Gas Evolution from the Decomposition of Hydrogen Peroxide

Site 47, Indian Head, Maryland

Time 
(hours)

Time 
(hours)

Control Control Unstabilized Reactor
(H2O2 only) (Soil and H2O only) (Soil and H2O2 only)

10 mM

H2O2 Stabilized with Phytic Acid

1 mM 10 mM0.1 mM
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Applied Catalyzed 
Hydrogen Peroxide  
Concentration (%)

Mass of Peroxide 
Utilized 

(mg)

Mass of VOCs1 

Degraded 
(mg)

Degradation 
Ratio2 

(mg Hydrogen 
Peroxide/

mg VOCs )

1 104.6 3.9 26.5

6 771.0 7.2 107.5

Notes:
mg = milligrams 
VOCs = volatile organic compounds - includes only carbon tetrachloride and tetrachloroethene
1 Mass of VOC degraded based on 40 grams of soil.
2 Degradation ratio = (Mass of Peroxide Utilized) / (Mass of VOCs Degraded)
Pore Volume = 9.4 mL

Site 47, Indian Head, Maryland

Table 7
Catalyzed Hydrogen Peroxide - Degradation Ratios
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NZVI H200 ZVI Ni-Cat ZVI

Carbon Tetrachloride 11.5 735 833 750

Tetrachloroethene 1.4 10,359 10,490 12,605

Carbon Tetrachloride 1,175 6.4 7.8 6.4

Tetrachloroethene 54 238 577 357

Carbon Tetrachloride 8,250 1.3 1.2 1.0

Tetrachloroethene 295 -375 2 107 -94 2

Notes:
g = grams
1  For calculating the degradation ratio, it is assumed that the ZVI applied is completely consumed. ( i.e., residual iron was not measured).
2  The negative degradation values for NZVI and Ni-Cat ZVI are the result of post-treatment concentrations that were greater than baseline. 
This is likely due to inherent variation with spiking and laboratory analysis. 
3  Degradation Ratio = (Mass of ZVI Utilized) / (Mass of VOC Degraded)
 Soil mass per batch reactor = 40 grams
Pore Volume = 9.4 mL
The concentration of ZVI applied is at 0.75% by soil mass.
mg/Kg = milligrams per Kilogram
VOCs = volatile organic compounds
NZVI = nano-scale zero valent iron (Toda ZVI; 10-100 nanometers [nm])
H200 ZVI = micron-scale zero valent iron (H200-fine, 30-100 micrometers [μm])
Ni-Cat ZVI = nickel-catalyzed micron-scale zero valent iron (Hoeganaes Fine Particle 2 Ni-Iron; 5-30 µm) 

Relative VOC 
Concentration

0.3

Low 

Medium 

High 

0.3

0.3

Average 
VOC Concentration 
Measured in Control 

(mg/Kg)

Table 8

Total Applied 
ZVI (Assumed 

Utilized) 1

(g) 

Site 47, Indian Head, Maryland
Zero Valent Iron - Degradation Ratios

Degradation Ratio 3

(g of ZVI / g VOCs)
Compound
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Figure 1
Preliminary Alkaline-Activated Persulfate Test Results

Site 47, Indian Head, Maryland
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procedures for soil analysis, and loss of VOCs during the test duration.
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Figure 2
Base Buffering Capacity Test Results

Site 47, Indian Head, Maryland
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Figure 3A
Persulfate Stability Test:  100 g/L Persulfate

Site 47, Indian Head, Maryland
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Notes:
g/L = grams per liter;     M = moles/liter;     NaOH = sodium hydroxide
Controls contained no soil.
Each reactor contained 30 grams of soil with 20 mL of reagent solution.
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Figure 3B
Persulfate Stability Test:  200 g/L Persulfate

Site 47, Indian Head, Maryland
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Notes:
g/L = grams per liter;     M = moles/liter;     NaOH = sodium hydroxide
Controls contained no soil.
Each reactor contained 30 grams of soil with 20 mL of reagent solution.
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Figure 5
Alkaline Persulfate Injection Simulation Test:  Persulfate Concentrations

Site 47, Indian Head, Maryland
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Notes:
g/L = grams per liter
Control contained soil and sodium hydroxide (NaOH) equivalent to the NaOH concentration of the 200 g/L alkaline persulfate solution.   
50 g/L persulfate solution was activated with NaOH at a concentration of 1 mole persulfate to 3 moles NaOH.
200 g/L persulfate solution was activated with NaOH at a concentration of 1 mole persulfate to 2.5 moles NaOH.
Reagent solution concentrations are based on 1 pore volume (9.4 mL) in 40 grams of soil.
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Figure 6
Acid Buffering Capacity Test Results

Site 47, Indian Head, Maryland
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Notes:
H2SO4 = sulfuric acid
g/L = grams per liter
Acid solution occupied 2 pore volumes (14 mL); acid strength is normalized to be equivalent to 1 pore volume. Concentration in the experiment was normalized to 1 pore 
volume by multiplying the volume of solution in the experiment and then dividing by the estimated value of a single pore volume.
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Figure 7
Hydrogen Peroxide Stability Test Results

Site 47, Indian Head, Maryland
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Notes:
H2O2 = hydrogen peroxide;     mM = millimoles per liter;     PA = phytic acid;     CA = citric acid
Hydrogen peroxide concentrations were 6%.
Each reactor contained 10 grams of soil with 2 pore volumes (4.7 mL) of reagent solution.
The stability test was carried out until concentrations decreased by at least 30% of the starting concentrations.  

t1/2 = 7 hours t1/2 = 13.9 hours

t1/2 = 93.7 hours

t1/2 = 20 hours
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t1/2 = 13.3 hours
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Figure 8
Heat Evolution from the Decomposition of Hydrogen Peroxide

Site 47, Indian Head, Maryland
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Notes:
oF = degrees Fahrenheit;     mM = millimoles per liter;     PA = phytic acid;     CA = citric acid
Each reactor contained 11.5 grams of soil with 5.4 mL (2 pore volumes) of reagent solution.  Hydrogen peroxide concentrations were 6%.
Temperature of the Control (H2O & soil) ranged from 70.7 oF to 80.6 oF for the duration of this test.



Notes:
mg/Kg = micrograms per kilogram;    H2O2 = hydrogen peroxide;    J = estimated concentration
* = indicates dissimilar laboratory qualifiers (i.e., If one qualifier is J and the other is B, then it is represented by * ); values were avera
App. 1 = First application of reagent solutions (analyzed after 5 days of contact)
App. 3 = Third application of reagent solutions (analyzed after 18 days of contact).
Controls contained soil and groundwater only.
Both the 1% and 6% H2O2 solutions were catalyzed with 10 millimoles per liter (mM) of citric acid.
Reagent solution concentrations are based on 1 pore volume (9.4 mL) in 40 grams of soil.
Average concentrations are shown; refer to Table A-4 for the complete data set.

Figure 9
Catalyzed Hydrogen Peroxide Injection Simulation Test Results

Site 47, Indian Head, Maryland
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Figure 10
Catalyzed Hydrogen Peroxide Injection Simulation Test:  Hydrogen Peroxide Concentrations

Site 47, Indian Head, Maryland
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Notes:
H2O2 = hydrogen peroxide  
Control contained soil and groundwater only.
Both the 1% and 6% H2O2 solutions were catalyzed with 10 millimoles per liter (mM) of citric acid.
Reagent solution concentrations are based on 1 pore volume (9.4 mL) in 40 grams of soil.



Notes:
NZVI = nano-scale zero valent iron (Toda ZVI; 10-100 nanometers [nm])
Low and high applications were 0.4% and 1.5%, respectively (soil mass basis).
In some cases, the value shown is the detection limit; refer to Table A-6 for further information.
Average concentrations are shown; refer to Table A-6 for the complete data set.
Chloromethane was not detected in any of the low or high NZVI application samples.

Figure 11
ZVI Injection Simulation Test Results
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Notes:
H200 ZVI = micron-scale zero valent iron (H200-fine, 30-100 micrometers [µm])
Low and high applications were 0.4% and 1.5%, respectively (soil mass basis).
In some cases, the value shown is the detection limit; refer to Table A-6 for further information.
Average concentrations are shown; refer to Table A-6 for the complete data set.
Chloromethane was detected in the low H200 ZVI application sample on Day 21 at 83 J µg/Kg.

Figure 11
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Notes:
Ni-Cat ZVI = nickel-catalyzed micron-scale zero valent iron (Hoeganaes Fine Particle 2 Ni-Iron; 5-30 µm)
Low and high applications were 0.4% and 1.5%, respectively (soil mass basis).
Refer to Table A-6 for further information.
In some cases, the values shown is the detection limit; refer to Table A-6 for the complete data set.
Chloromethane was detected in the low H200 ZVI application sample on Day 7 and Day 14 at 400 J and 83 J µg/Kg, respectively.
Chloromethane was detected in the high H200 ZVI application sample and duplicate on Day 14 at 340 J and 700 J µg/Kg, respectively.
Chloromethane was detected in the high H200 ZVI application sample and duplicate on Day 21 at 500 J and 270 J µg/Kg, respectively.

Figure 11
ZVI Injection Simulation Test Results
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Notes:
µg/Kg= micrograms per Kilogram
B = compound was detected in the laboratory method blank
J = estimated concentration
U = not detected at the indicated concentration
* = indicates dissimilar laboratory qualifiers (i.e., If one qualifier is J and the other is B, then it is represented by * ); values were averaged.
NZVI = nano-scale zero valent iron (Toda ZVI; 10-100 nanometers [nm])
H200 ZVI = micron-scale zero valent iron (H200-fine, 30-100 micrometers [µm])
Ni-Cat ZVI = nickel-catalyzed micron-scale zero valent iron (Hoeganaes Fine Particle 2 Ni-Iron; 5-30 µm)
The controls contained soil and groundwater only.
Samples were sacrificed after 23 days of contact.
Target Low VOC Application: carbon tetrachloride = 150,000 µg/Kg; tetrachloroethene = 5,000 µg/Kg  
Target Medium VOC Application: carbon tetrachloride = 3,000,000 µg/Kg; tetrachloroethene = 100,000 µg/Kg  
Target High VOC Application: carbon tetrachloride = 15,000,000 µg/Kg; tetrachloroethene = 500,000 µg/Kg 
Average concentrations are shown; refer to Table A-8 for the complete data set.

Zero Valent Iron Exhaustion Test Results
Site 47, Indian Head, Maryland

Figure 12
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Appendix A 
Supporting Data Tables



Table A-1
Alkaline-Activated Persulfate Injection Simulation Test Analytical Data

Site 47, Indian Head, Maryland

Acetone 1,000 U 1,000 U 1,000 U 1,300 U 1,300 U 1,300 U 270 J 1,300 U 785 * 5,000 U 1,100 J
Carbon Tetrachloride 320,000 110,000 215,000 510,000 210,000 360,000 17,000 13,000 15,000 48,000 17,000
Chloroform 1,100 560 J 830 * 1,900 1,400 1,650 1,300 U 310 J 805 * 4,400 J 70 J
Methylene Chloride 1,000 U 1,000 U 1,000 U 1,300 U 1,300 U 1,300 U 370 B,J 170 B,J 270 B,J 5,000 U 120 B,J
Tetrachloroethene 28,000 J 18,000 23,000 * 44,000 30,000 37,000 6,600 15,000 10,800 4,300 J 3,400

Acetone 1,300 U 1,300 U 1,200 U 1,300 U 1,300 U 1,300 U 48 B 54 B 12 B,J 4.4 B,J 51 B 8 B,J 320 100 U
Carbon Tetrachloride 78,000 120,000 1,200 U 1,300 U 99,000 1,300 U 2.4 J 5.6 J 5.0 J 11 J 4 J 8 J 3.4 J 15 J
Chloroform 3,400 3,600 1,200 U 1,300 U 3,500 1,300 U 2.4 J 4.0 J 14 U 13 U 3 J 14 U 9.8 J 7.7 J
Methylene Chloride 1,300 U 1,300 U 1,200 U 1,300 U 1,300 U 1,300 U 3.5 B,J 4.1 B,J 2.7 B,J 14 B 4 B,J 8 * 40 U 100 U
Tetrachloroethene 8,700 10,000 2,000 2,300 9,350 2,150 130 220 6.6 J 5.1 J 175 6 J 240 9.5 J

Notes:
µg/Kg = micrograms per kilogram
µg/L = micrograms per liter
B = compound was detected in the laboratory method blank
J = estimated concentration below the laboratory's normal reporting limit
U = not detected at the indicated concentration
* = indicates dissimilar laboratory qualifiers (i.e., If one qualifier is J and the other is U, then it is represented by * ); values were averaged
App. 1 = First application of reagent solutions (analyzed after 10 days of contact), App. 3 = Third application of reagent solutions (analyzed after 31 days of contact).
Controls contained soil and sodium hydroxide (NaOH) equivalent to the NaOH concentration of the 200 g/L alkaline-activated persulfate solution.
Low = 50 grams per liter (g/L) persulfate and NaOH at a concentration of 1 mole persulfate to 3 moles NaOH.
High = 200 g/L persulfate and NaOH at a concentration ratio of 1 mole persulfate to 2.5 moles NaOH.
Reagent solution concentrations are based on 1 pore volume (9.4 mL).

1,1,2,2-tetrachloroethane and 1,2-dichloroethane were not detected in any of the samples.

In addition to the compounds listed in the table, the following compounds were detected:  2-butanone was detected in the Low, Low dupe, and High App. 1 soil samples at 10 J, 9.2 J, and 2.0 J mg/Kg, respectively; bromomethane was detected in the baseline 

Low High

Average App. 
3 Control 

(µg/Kg)

Low High

Average App. 1 (µg/Kg)

Average App. 
1 Control 

(µg/Kg)
Compound

Compound
High DupeHighLow DupeLow

Baseline Baseline Dupe

Control Control Dupe(µg/Kg)

Average 
Baseline 
(µg/Kg)

App. 1 (Day 10): Soil (µg/Kg) Water (µg/L)

Application 3 (Day 31): Soil (µg/Kg)

Control: App. 
3 (Day 31)

Baseline

App. 3 (Day 31): Soil (µg/Kg)

Average App. 3 (µg/Kg)

Control DupeControl

  and baseline dupe soil samples at 260 J and 230 J mg/Kg, respectively; trichloroethene was detected in the Low dupe App. 3 soil sample at 0.91 J mg/Kg; 2-butanone was detected in the Low App. 3 water sample at 25 J mg/L; cis-1,2-dichloroethene was 
  detected in the Low App. 3 water sample at 40 J mg/L; methyl acetate was detected in the High App. 3 water sample at 46 J mg/L; and trichloroethene was detected in the Low App. 3 water sample at 2.2 J mg/L.

High Dupe

App. 3 (Day 31):  Water (µg/L)

Low HighLow DupeLow High

Application 1 (Day 10): Soil (µg/Kg)

Page 1 of 1 XDD, LLC



pH

Date Time
Time 

Elapsed 
(Days)

Control Low High

9/18/2006 5:00 PM 3 13.8 12.27 12.81
9/20/2006 5:00 PM 5 13.88 12.15 12.68
9/22/2006 4:15 PM 7 13.99 13.08 13.67
9/25/2006 4:05 PM 10 14.57 12.06 13.47
9/26/2006 10:20 AM 11 14.73 14.08 14.77
10/5/2006 11:20 AM 20 12.89 12.01 12.96
10/5/2006 3:30 PM 20.25 12.96 12.94 13.24
10/13/2006 10:25 AM 28 13.72 13.26 13.96
10/16/2006 2:10 PM 31 13.61 12.84 13.54

ORP

Date Time
Time 

Elapsed 
(Days)

Control Low High

9/18/2006 5:00 PM 3 -201 268 249
9/20/2006 5:00 PM 5 -71 220 305
9/22/2006 4:15 PM 7 -286 147 243
9/25/2006 4:05 PM 10 -212 142 255
10/13/2006 10:25 AM 28 -145 231 341
10/16/2006 2:10 PM 31 -162 258 399

Notes:
Controls contained soil and sodium hydroxide (NaOH) equivalent to the NaOH
concentration of the 200 g/L alkaline-activated persulfate solution.
Low = 50 grams per liter (g/L) persulfate and NaOH at a concentration of 1 mole 
persulfate to 3 moles NaOH.
High = 200 g/L persulfate and NaOH at a concentration ratio of 1 mole persulfate 
to 2.5 moles NaOH.

Table A-2

 Alkaline-Activated Persulfate Injection Simulation Test pH and
ORP Data

Site 47, Indian Head, Maryland
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Aluminum 850 850 1,100 933
Antimony 0.75 U 0.76 U 0.91 U 0.91 U
Arsenic 0.89 0.79 1.2 1.0
Barium 15 U 15 U 18 U 18 U
Beryllium 0.38 U 0.38 U 0.45 U 0.45 U
Cadmium 0.38 U 0.38 U 0.45 U 0.45 U
Calcium 75 U 76 U 90 U 90 U
Chromium 3.8 4.0 6.6 4.8
Cobalt 3.8 U 3.8 U 4.5 U 4.5 U
Copper 2.0 2.0 2.6 2.2
Iron 1,300 1,400 1,700 1,467
Lead 2.0 2.1 2.7 2.3
Magnesium 170 170 220 187
Manganese 7.6 7.3 10 8.3
Mercury 0.26 0.25 0.36 0.29
Nickel 3.8 U 3.8 U 4.5 U 4.5 U
Potassium 120 120 150 130
Selenium 0.75 U 0.76 U 0.91 U 0.91 U
Silver 1.9 U 1.9 U 2.3 U 2.3 U
Sodium 75 U 76 U 90 U 90 U
Thallium 0.75 U 0.76 U 0.91 U 0.91 U
Vanadium 5.2 5.3 7.1 5.9
Zinc 4.5 3.9 5.3 4.6

TCLP Metals (mg/L)
Arsenic 0.20 U 0.20 U 0.20 U 0.20 U
Barium 0.50 0.70 0.71 0.64
Cadmium 0.05 U 0.05 U 0.05 U 0.05 U
Chromium 0.05 U 0.05 U 0.05 U 0.05 U
Lead 0.05 U 0.05 U 0.05 U 0.05 U
Mercury 0.05 U 0.05 U 0.05 U 0.05 U
Selenium 0.25 U 0.25 U 0.25 U 0.25 U
Silver 0.05 U 0.05 0.05 U 0.05 *

Notes:
mg/Kg = milligrams per kilogram
mg/L = milligrams per liter
TCLP = toxicity characteristic leaching procedure
U = not detected at the indicated concentration
* = indicates dissimilar laboratory qualifiers (i.e., If one qualifier is U and the other is a detection, then it is represented by * )

Baseline Dupe 2

Metals Mobilization Test - Total Metals and TCLP Metals in Baseline Soil
Site 47, Indian Head, Maryland

Table A-3

Average
Soil

Baseline Baseline Dupe
Total Metals (mg/Kg)

Baseline Baseline Dupe Baseline Dupe 2 Average
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Table A-4
Catalyzed Hydrogen Peroxide Injection Simulation Analytical Data

Site 47, Indian Head, Maryland

Acetone 1,200 U 1,200 U 1,200 U 1,200 U 1,200 U 1,200 U 1,300 U 1,300 U 1,300 U 5,000 U

Carbon Tetrachloride 130,000 220,000 175,000 71,000 300,000 185,500 110,000 5,300 57,650 48,000

Chloroform 1,800 U 2,700 2,250 * 1,000 J 3,700 2,350 * 1,600 430 J 1,015 * 4,400 J

Methylene Chloride 130 J 130 J 130 J 250 B,J 200 B,J 225 B,J 1,300 U 100 B,J 700 * 5,000 U

Tetrachloroethene 22,000 26,000 24,000 24,000 39,000 31,500 26,000 4,900 15,450 4,300 J

Acetone 1,400 1,600 1,300 1,300 1,500 1,300 NA 3,200 1,400 1,400 3,200 1,400

Carbon Tetrachloride 25,000 160,000 3,000 8,400 92,500 5,700 NA 9,700 1,300 U 160 J 9,700 730 *

Chloroform 280 J 1,400 370 J 460 J 840 * 415 J NA 310 J 300 J 140 J 310 J 220 J

Methylene Chloride 180 B,J 170 B,J 200 B,J 230 B,J 175 B,J 215 B,J NA 1,300 U 1,300 U 1,300 U 1,300 U 1,300 U

Tetrachloroethene 5,200 12,000 340 J 290 J 8,600 315 J NA 910 J 1,300 U 51 J 910 J 676 *

Notes:
µg/Kg = micrograms per kilogram
B = compound was detected in the laboratory method blank
J = estimated concentration below the laboratory's normal reporting limit
U = not detected at the indicated concentration
* = indicates dissimilar laboratory qualifiers (i.e., If one qualifier is J and the other is U, then it is represented by * ); values were averaged
1 Water analysis from these reactors were requested but the laboratory inadvertently did not analyze.
NA = not analyzed - sample broke during shipment to laboratory
App. 1 = First application of reagent solutions (analyzed after 5 days of contact), App. 3 = Third application of reagent solutions (analyzed after 18 days of contact).
Controls contained soil and groundwater only.
Low = 1% hydrogen peroxide activated with 10 millimoles per liter (mM) citric acid.
High = 6% hydrogen peroxide activated with 10 mM citric acid.
Reagent solution concentrations are based on 1 pore volume (9.4 mL).

  respectively; carbon disulfide was detected in the control dupe App. 1 soil sample at 230 J µg/Kg; and trichlorofluoromethane was detected in the control dupe App.3 soil sample at 73 J µg/Kg.
1,1,2,2-tetrachloroethane, 1,2-dichloroethane, cis-1,2-dichloroethene, and trichloroethene were not detected in any of the samples.

Baseline

Water (µg/L)

Compound
Application 1 (Day 5): Soil (µg/Kg)

High 
DupeHigh Low 

DupeLow 

Control Dupe1

App. 1 (Day 5): Soil (µg/Kg) App. 3 (Day 18): Soil (µg/Kg)
Compound

Baseline Baseline Dupe

(µg/Kg) Control Control Dupe Control1

Average App. 
3 Control 

(µg/Kg)

Average App. 
1 Control 

(µg/Kg)

Average App. 1 (µg/Kg)

In addition to the compounds listed in the table, the following compounds were detected:  bromomethane was detected in the baseline, baseline dupe, and Low dupe App. 1 soil samples at 210 J, 170 J, and 160 J mg/Kg,

Average 
Baseline 
(µg/Kg)

Application 3 (Day 18): Soil (µg/Kg)

Low 
Low 

Dupe1 High High Dupe1Low High

Average App. 3 (µg/Kg)

Low High
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pH

Date Time
Time 

Elapsed 
(Days)

Control Low  High Notes

10/12/2006 12:00 PM 0
10/13/2006 9:20 AM 1 4.39 2.71 2.37
10/17/2006 1:30 PM 5 4.32 2.90 2.75 before adding application 2
10/17/2006 2:20 PM 5 4.33 2.44 2.23 after adding application 2
10/23/2006 7:45 AM 11 4.47 3.02 2.96 before adding application 3
10/23/2006 8:30 AM 11 4.47 2.52 2.49 after adding application 3
10/30/2006 11:00 AM 18 4.26 2.80 3.0

ORP

Date Time
Time 

Elapsed 
(Days)

Control Low High Notes

10/12/2006 12:00 PM 0
10/13/2006 9:20 AM 1 272 517 529
10/17/2006 1:30 PM 5 231 299 325 before adding application 2
10/17/2006 2:20 PM 5 233 476 472 after adding application 2
10/23/2006 7:45 AM 11 332 462 501 before adding application 3
10/23/2006 8:30 AM 11 332 499 526 after adding application 3
10/30/2006 11:00 AM 18 255 328 528

Notes:
Controls contained soil and groundwater only.
Low = 1% hydrogen peroxide activated with 10 millimoles per liter (mM) citric acid.
High = 6% hydrogen peroxide activated with 10 mM citric acid.

Table A-5
Catalyzed Hydrogen Peroxide Injection Simulation Test pH and ORP Data

Site 47, Indian Head, Maryland
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Table A-6
Zero Valent Iron Injection Simulation Test Analytical Data

Site 47, Indian Head, Maryland

Acetone 1,200 U 1,200 U 1,200 U 1,300 U 1,300 U 1,300 U 1,200 U 24,000 U 24,000 U 1,200 U 1,300 U 1,300 U 5,000 U 1,000 U
Bromomethane 210 J 170 J 190 J 1,300 U 1,300 U 1,300 U 1,200 U 24,000 U 24,000 U 1,200 U 1,300 U 1,300 U 5,000 U 1,000 U
Carbon Tetrachloride 130,000 220,000 175,000 120,000 74,000 97,000 170,000 590,000 380,000 320,000 360,000 340,000 48,000 360,000
Chloroform 1,800 U 2,700 2,250 * 2,200 2,600 2,400 3,000 4,500 J 3,750 * 3,400 5,200 4,300 4,400 J 11,000
cis-1,2-Dichloroethene 1,200 U 1,200 U 1,200 U 1,300 U 1,300 U 1,300 U 1,200 U 24,000 U 24,000 U 1,200 U 1,300 U 1,300 U 5,000 U 1,000 U
Methylene Chloride 130 J 130 J 130 J 250 B,J 75 B,J 163 B,J 1,200 U 24,000 U 1,200 U 140 B,J 120 B,J 130 B,J 5,000 U 300 J
Tetrachloroethane 22,000 26,000 24,000 19,000 11,000 15,000 29,000 42,000 35,500 24,000 35,000 29,500 4,300 J 13,000
Trichloroethene 1,200 U 1,200 U 1,200 U 1,300 U 1,300 U 1,300 U 1,200 U 24,000 U 24,000 U 1,200 U 1,300 U 1,300 U 5,000 U 1,000 U
Chloromethane 1,200 U 1,200 U 1,200 U 1,300 U 1,300 U 1,300 U 1,200 U 24,000 U 24,000 U 1,200 U 1,300 U 1,300 U 5,000 U 1,000 U

Acetone 1,400 1,300 J 2,400 2,300 1,350 * 2,350 1,300 U 1,300 U 1,200 U 680 J 1,300 U 940 * 840 J 970 J 1,100 J 920 J 905 J 1,010 J 100 U 1,200
Bromomethane 1,300 U 1,400 U 1,400 U 1,300 U 1,400 U 1,400 U 1,300 U 1,300 U 1,200 U 1,200 U 1,300 U 1,200 U 1,300 U 1,300 U 1,300 U 1,300 U 1,300 U 1,300 U 100 U 100 U
Carbon Tetrachloride 1,300 U 1,400 U 1,400 U 1,300 U 1,400 U 1,400 U 1,300 U 100 J 1,200 U 1,200 U 700 * 1,200 U 42 J 190 J 1,300 U 1,300 U 116 J 1,300 U 100 U 100 U
Chloroform 6,200 8,500 2,600 3,400 7,350 * 3,000 2,600 3,000 1,700 690 J 2,800 1,195 * 1,100 J 5,600 520 J 460 J 3,350 * 490 J 2,900 1,600
cis-1,2-Dichloroethene 1,300 U 1,400 U 1,400 U 1,300 U 1,400 U 1,400 U 1,300 U 1,300 U 1,200 U 1,200 U 1,300 U 1,300 U 1,300 U 1,300 U 1,300 U 1,300 U 1,300 U 1,300 U 80 J 110
Methylene Chloride 4,400 B 3,900 B 1,100 B,J 4,100 B 4,150 B 2,600 * 6,000 5,300 1,500 1,600 5,650 1,550 2,700 B 16,000 B 2,000 B 4,800 B 9,350 B 3,400 B 7,500 9,500
Tetrachloroethane 20,000 27,000 3,900 13,000 23,500 8,450 21,000 24,000 4,200 3,100 22,500 3,650 10,000 40,000 4,800 6,200 25,000 5,500 2,300 1,800
Trichloroethene 55 J 71 J 1,400 U 1,300 U 63 J 1,400 U 73 J 72 J 1,200 U 1,200 U 73 J 1,200 U 1,300 U 270 J 1,300 U 46 J 785 * 673 * 41 J 100 U
Chloromethane 1,300 U 1,400 U 1,400 U 1,300 U 1,400 U 1,400 U 1,300 U 1,300 U 1,200 U 1,200 U 1,300 U 1,200 U 1,300 U 1,300 U 1,300 U 1,300 U 1,300 U 1,300 U 20 J 120

Acetone 1,300 U 1,300 U 1,300 U 1,300 U 1,300 U 1,300 U 1,300 U 1,200 U 1,300 U 1,300 U 1,300 U 1,300 U 1,300 U 1,300 U 1,300 U 1,300 U 1,300 U 1,300 U 1,000 U 1,000 U
Bromomethane 1,300 U 1,300 U 1,300 U 1,300 U 1,300 U 1,300 U 1,300 U 1,200 U 1,300 U 1,300 U 1,300 U 1,300 U 1,300 U 1,300 U 1,300 U 1,300 U 1,300 U 1,300 U 1,000 U 1,000 U
Carbon Tetrachloride 7,500 140 J 1,300 U 1,300 U 3,820 * 1,300 U 5,700 27,000 2,600 680 J 16,350 1,640 * 22,000 5,000 200 J 1,300 U 13,500 750 * 79,000 6,200
Chloroform 130,000 47,000 42,000 46,000 88,500 44,000 120,000 110,000 160,000 130,000 115,000 145,000 140,000 60,000 180,000 96,000 100,000 138,000 480,000 650,000
cis-1,2-Dichloroethene 1,300 U 1,300 U 1,300 U 1,300 U 1,300 U 1,300 U 1,300 U 1,200 U 1,300 U 1,300 U 1,300 U 1,300 U 1,300 U 1,300 U 1,300 U 1,300 U 1,300 U 1,300 U 1,000 U 1,000 U
Methylene Chloride 850 B,J 620 B,J 1,900 B 1,500 B 735 B,J 1,700 B 620 J 360 J 1,900 2,200 490 J 2,050 870 B,J 500 B,J 2,000 B 2,500 B 685 B,J 2,250 * 7,000 B,J 8,300
Tetrachloroethane 16,000 10,000 15,000 11,000 13,000 13,000 43,000 22,000 40,000 31,000 32,500 35,500 29,000 21,000 40,000 25,000 25,000 32,500 18,000 J 16,000 J
Trichloroethene 1,300 U 1,300 U 1,300 U 1,300 U 1,300 U 1,300 U 1,300 U 1,200 U 110 J 70 J 1,300 U 90 J 69 J 1,300 U 150 J 170 J 685 * 160 * 1,000 U 180 J
Chloromethane 1,300 U 1,300 U 1,300 U 1,300 U 1,300 U 1,300 U 1,300 U 1,200 U 1,300 U 1,300 U 1,300 U 1,300 U 83 J 1,300 U 1,300 U 1,300 U 692 * 1,300 U 290 J 300 J

Acetone 1,200 U 1,300 U 1,200 U 1,200 U 1,300 U 1,200 U 1,300 U 1,300 U 1,200 U 1,200 U 1,300 U 1,200 U 1,300 U 1,300 U 1,200 U 1,300 U 1,300 U 1,300 U 1,000 U 1,000 U
Bromomethane 1,200 U 1,300 U 1,200 U 1,200 U 1,300 U 1,200 U 1,300 U 1,300 U 1,200 U 1,200 U 1,300 U 1,200 U 1,300 U 1,300 U 1,200 U 1,300 U 1,300 U 1,300 U 1,000 U 1,000 U
Carbon Tetrachloride 1,200 U 1,300 U 1,200 U 1,200 U 1,300 U 1,200 U 1,300 U 96 B,J 1,200 U 1,200 U 698 * 1,200 U 1,300 U 1,300 U 1,200 U 1,300 U 1,300 U 1,300 U 1,000 U 1,000 U
Chloroform 5,100 8,100 1,200 U 1,200 U 6,600 1,200 U 15,000 1,300 220 J 240 J 8,150 230 J 1,900 1,900 150 J 150 J 1,900 150 J 7,200 510 J
cis-1,2-Dichloroethene 1,200 U 1,300 U 1,200 U 1,200 U 1,300 1,200 U 1,300 U 1,300 U 1,200 U 1,200 U 1,300 U 1,200 U 1,300 U 1,300 U 1,200 U 1,300 U 1,300 U 1,300 U 1,000 U 71 J
Methylene Chloride 25,000 B 23,000 B 38,000 B 22,000 B 24,000 B 30,000 B 40,000 8,700 29,000 47,000 B 24,350 38,000 * 13,000 B 13,000 B 45,000 41,000 13,000 B 43,000 68,000 B 170,000 B
Tetrachloroethane 21,000 16,000 23,000 17,000 18,500 20,000 22,000 16,000 10,000 27,000 19,000 18,500 12,000 14,000 21,000 14,000 13,000 17,500 9,000 8,900
Trichloroethene 1,300 U 81 J 580 J 370 J 691 * 475 J 120 J 190 J 330 J 950 J 155 J 640 J 180 J 220 J 700 J 450 J 200 J 575 J 320 J 760 J
Chloromethane 1200 U 1300 U 1200 U 1200 U 1,300 U 1200 U 400 J 1300 U 340 J 700 J 850 * 520 J 84 J 1300 U 500 J 270 J 692 * 385 J 460 J 2,300

Notes:
µg/Kg = micrograms per kilogram
µg/L= micrograms per liter
B = compound was detected in the laboratory method blank
J = estimated concentration below the laboratory's normal reporting limit
U = not detected at the indicated concentration
* = indicates dissimilar laboratory qualifiers (i.e., If one qualifier is J and the other is U, then it is represented by * ); values were averaged
Low = 0.4% ZVI applied to soil by weight
High = 1.5% ZVI applied to soil by weight
NZVI = nano-scale zero valent iron (Toda ZVI; 10-100 nanometers [nm])
H200 ZVI = micron-scale zero valent iron (H200-fine, 30-100 micrometers [µm])
Ni-Cat ZVI = nickel-catalyzed micron-scale zero valent iron (Hoeganaes Fine Particle 2 Ni-Iron; 5-30 µm)
The controls contained soil and groundwater only.
Low and high applications were 0.4% and 1.5%, respectively (soil mass basis).
1,1,2,2-tetrachloethane and 1,2-dichloroethane were not detected in any of the samples.
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pH

Date Time
Time 

Elapsed 
(Days)

Control NZVI 
low

NZVI 
high

H2OO 
ZVI low

H2OO 
ZVI high

Ni-Cat ZVI 
low

Ni-Cat ZVI 
high

10/13/2006 10:30 AM 1 4.66 6.73 6.98 5.76 6.16 5.85 6.00
10/19/2006 9:00 AM 7 4.32 6.27 7.14 4.48 4.67 5.24 5.52
10/23/2006 9:00 AM 11 4.13 5.51 6.47 4.42 4.67 4.86 5.09
10/26/2006 11:00 AM 14 4.21 5.87 6.17 4.38 4.53 4.63 4.73
11/2/2006 3:30 PM 21 4.19 5.54 6.13 4.24 4.39 4.27 5.05

ORP

Date Time
Time 

Elapsed 
(Days)

Control NZVI 
low

NZVI 
high

H2OO ZVI 
low

H2OO ZVI 
high

Ni-Cat ZVI 
low

Ni-Cat ZVI 
high

10/13/2006 10:30 AM 1 263 -466 -213 112 14 -14 -43
10/19/2006 9:00 AM 7 264 -589 -627 180 158 51 18
10/23/2006 9:00 AM 11 368 -102 -352 161 136 78 -16
10/26/2006 11:00 AM 14 294 -45 -129 192 168 153 85
11/2/2006 3:30 PM 21 248 4 -165 208 192 203 -81

Notes:
NZVI = nano-scale zero valent iron (Toda ZVI; 10-100 nanometers [nm])
H200 ZVI = micron-scale zero valent iron (H200-fine, 30-100 micrometers [µm])
Ni-Cat ZVI = nickel-catalyzed micron-scale zero valent iron (Hoeganaes Fine Particle 2 Ni-Iron; 5-30 µm)
The controls contained soil and groundwater only.
Low = 0.4% ZVI applied to soil by weight
High = 1.5% ZVI applied to soil by weight
Low and high applications were 0.4% and 1.5%, respectively (soil mass basis).

Table A-7
ZVI Injection Simulation Test pH and ORP Data

Site 47, Indian Head, Maryland
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Compound

Acetone 230 J 200 J 215 J 1,300 U 280 J 790 * 65,000 U 65,000 U 65,000 U
Bromomethane 1,300 U 1,300 U 1,300 U 1,300 U 1,300 U 1,300 U 65,000 U 65,000 U 65,000 U
Carbon Disulfide 1,300 U 1,300 U 1,300 U 1,300 U 1,300 U 1,300 U 65,000 U 65,000 U 65,000 U
Carbon Tetrachloride 2,700 7,100 4,900 220,000 220,000 220,000 4,200,000 11,000,000 7,600,000
Chloroform 880 J 1,000 J 940 J 3,200 2,800 3,000 28,000 J 66,000 47,000 *
Chloromethane 1,300 U 1,300 U 1,300 U 170 J 130 J 150 J 65,000 U 65,000 U 65,000 U
Methylene Chloride 1,300 U 1,300 U 1,300 U 160 J 170 J 165 J 65,000 U 9,100 J 37,050 *
Tetrachloroethene 830 J 1,100 J 965 J 39,000 21,000 30,000 240,000 390,000 315,000
TCE 1,300 U 1,300 U 1,300 U 1,300 U 1,300 U 1,300 U 65,000 U 65,000 U 65,000 U

Compound

Acetone 130 J 1,200 U 665 * 1,300 U 200 J 750 * 630,000 U 4,000 317,000 *
Bromomethane 1,200 U 1,200 U 1,200 U 4,400 2,900 3,650 11,000 U 9,900 10,450 *
Carbon Disulfide 1,200 U 1,200 U 1,200 U 780 J 1,600 1,190 * 2,800 2,800 2,800
Carbon Tetrachloride 13,000 10,000 11,500 1,400,000 950,000 1,175,000 6,500,000 10,000,000 8,250,000
Chloroform 2,000 1,100 J 1,550 * 130,000 U 8,100 J 69,050 * 630,000 U 630,000 U 630,000 U
Chloromethane 1,200 U 1,200 U 1,200 U 130,000 U 19,000 74,500 * 630,000 U 630,000 U 630,000 U
Methylene Chloride 130 J 120 J 125 J 130,000 U 21,000 75,500 * 630,000 U 630,000 U 630,000 U
Tetrachloroethene 1,400 1,400 1,400 56,000 J 52,000 J 54,000 J 250,000 J 340,000 J 295,000 J
TCE 1,200 U 1,200 U 1,200 U 1,300 U 1,300 U 1,300 U 220 J 200 J 210 J

Compound

Acetone 430 J 600 J 515 J 650 J 660 J 655 J 61,000 U 240,000 U 240,000 U
Bromomethane 1,300 U 1,200 U 1,300 U 1,100 U 1,200 U 1,200 U 61,000 U 240,000 U 240,000 U
Carbon Disulfide 1,300 U 1,200 U 1,300 U 1,100 U 1,200 U 1,200 U 61,000 U 240,000 U 240,000 U
Carbon Tetrachloride 1,300 U 1,300 1,300 * 120 J 90 J 105 J 1,800,000 B 3,400,000 B 2,600,000 B
Chloroform 1,300 U 2,300 1,800 * 280 J 1,300 790 * 1,100,000 380,000 740,000
Chloromethane 1,300 U 1,200 U 1,300 U 1,100 U 150 J 625 * 61,000 U 240,000 U 240,000 U
Methylene Chloride 1,300 U 360 J 830 * 4,400 29,000 B 16,700 * 19,000 B,J 57,000 B,J 38,000 B,J
Tetrachloroethene 1,300 U 52 J 676 * 12,000 33,000 22,500 250,000 B 380,000 315,000 *
TCE 1,300 U 1,200 U 1,300 U 56 J 170 J 113 J 61,000 U 240,000 U 240,000 U

Compound

Acetone 1,200 U 1,200 U 1,200 U 1,200 U 12,000 U 12,000 U 12,000 U 12,000 U 12,000 U
Bromomethane 1,200 U 1,200 U 1,200 U 1,200 U 12,000 U 12,000 U 5,500 J 12,000 U 8,750 *
Carbon Disulfide 1,200 U 1,200 U 1,200 U 1,200 U 12,000 U 12,000 U 1,500 J 12,000 U 6,750 *
Carbon Tetrachloride 1,100 J 3,900 2,500 * 21,000 B 410,000 B 215,500 B 2,900,000 B 1,400,000 B 2,150,000 B
Chloroform 7,200 11,000 9,100 160,000 160,000 160,000 550,000 570,000 560,000
Chloromethane 1,200 U 1,200 U 1,200 U 150 J 12,000 U 6,075 * 9,100 J 12,000 U 10,550 *
Methylene Chloride 620 B,J 810 B,J 715 B,J 1,200 B 3,100 B,J 2,150 * 31,000 B 8,600 B,J 19,800 *
Tetrachloroethene 960 J 410 J 685 J 31,000 B 51,000 B 41,000 B 260,000 B 190,000 B 225,000 B
TCE 1,200 U 1,200 U 1,200 U 1,200 U 12,000 U 12,000 U 12,000 U 12,000 U 12,000 U

Compound

Acetone 1,200 U 1,200 U 1,200 U 1,200 U 1,200 U 1,200 U 12,000 U 12,000 U 12,000 U
Bromomethane 140 J 1,200 U 670 * 1,200 U 1,200 U 1,200 U 12,000 U 12,000 U 12,000 U
Carbon Disulfide 1,200 U 1,200 U 1,200 U 1,200 U 1,200 U 1,200 U 12,000 U 12,000 U 12,000 U
Carbon Tetrachloride 1,800 B 1,200 1,500 * 2,600 B 240 J 1,420 * 240,000 880,000 560,000
Chloroform 2,500 2,000 2,250 8,000 950 J 4,475 * 2,400,000 1,900,000 2,150,000
Chloromethane 1,200 U 1,200 U 1,200 U 1,200 U 860 J 1,030 * 2,200 J 1,600 J 1,900 J
Methylene Chloride 430 B,J 210 J 320 * 34,000 B 64,000 49,000 * 24,000 20,000 22,000
Tetrachloroethene 810 B,J 800 J 805 * 28,000 B 38,000 33,000 * 410,000 340,000 375,000
TCE 1,200 U 1,200 U 1,200 U 180 J 480 J 330 J 12,000 U 12,000 U 12,000 U

Notes:
µg/Kg= micrograms per Kilogram
B = compound was detected in the laboratory method blank
J = estimated concentration below the laboratory's normal reporting limit
U = not detected at the indicated concentration
* = indicates dissimilar laboratory qualifiers (i.e., If one qualifier is J and the other is U, then it is represented by * ); values were averaged
ZVI was applied at a concentration of 0.75% to soil by weight.
NZVI = nano-scale zero valent iron (Toda ZVI; 10-100 nanometers [nm])
H200 ZVI = micron-scale zero valent iron (H200-fine, 30-100 micrometers [µm])
Ni-Cat ZVI = nickel-catalyzed micron scale zero valent iron (Hoeganaes Fine Particle 2 Ni-Iron; 5-30 µm)
The controls contained soil and groundwater only.
Target Low VOC concentration: carbon tetrachloride = 150,000 µg/Kg; tetrachloroethene = 5,000 µg/Kg  
Target Medium VOC concentration:  carbon tetrachloride = 3,000,000 µg/Kg; tetrachloroethene = 100,000 µg/Kg  
Target High VOC concentration:  carbon tetrachloride = 15,000,000 µg/Kg; tetrachloroethene = 500,000 µg/Kg  
1,1,2,2- tetrachloroethane, 1,2-dichloroethane, and cis-1,2-dichloroethene were not detected in any of the samples.
Reactors were sacrificed for laboratory analysis after 23 days of contact.
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Table A-8
Zero Valent Iron Exhaustion Test Analytical Data

Site 47, Indian Head, Maryland
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Appendix B: Laboratory Reports and Sample Key
Site 47, Indian Head, Maryland

Project Name: Indian Head Site 47 Start Date: 8/10/2006

Project Number: 95479 End Date: 1/18/2007

Client: CH2M Hill

No. Reference table Sample Reference Sample Designation
Sample 

Date Matrix Type Analysis
Specific Bench Test 

Associated with Sample
Specific Purpose of 

Sample Lab Name
Sample 
Sent By Lab Sample ID Lab Report Number

1 Figure 1 Baseline Soil Spike Base 2 8/10/2006 Soil CLPVOAs 4.3
Preliminary 

Alkaline-Activated Pers.
Spike Soils- New 

Method NEL AML A108750 SDGXDD081106

2 Figure 1
Control 

(soil, 2 M NaOH) PRE-AP #2 8/21/2006 Soil CLPVOAs 4.3
Preliminary 

Alkaline-Activated Pers. Control t = 11d NEL AML AI09074 SDGXDD082206

3 Figure 1
200 g/L Persulfate
(soil, 2 M NaOH) PRE-AP #3 8/21/2006 Soil CLPVOAs 4.3

Preliminary 
Alkaline-Activated Pers.

Treated Low NaOH
 t = 11d NEL AML AI09073 SDGXDD082206

4 Figure 1
200 g/L Persulfate
(soil, 2.5 M NaOH) PRE-AP #4 8/21/2006 Soil CLPVOAs 4.3

Preliminary 
Alkaline-Activated Pers.

Treated Med NaOH  
t = 11d NEL AML AI09072 SDGXDD082206

5 Figure 1
200 g/L Persulfate
(soil, 3 M NaOH) PRE-AP #5 8/21/2006 Soil CLPVOAs 4.3

Preliminary 
Alkaline-Activated Pers.

Treated Hi NaOH   
t = 11d NEL AML AI09071 SDGXDD082206

6 A-1 Baseline Baseline VOC 9/12/2006 Soil CLPVOAs 4.3
Alkaline-Activated Pers. 

Injection Simulation Baseline NEL LC AI10111 SDGXDDAI10111-14

7 A-1 Baseline dupe Baseline VOC dup 9/12/2006 Soil CLPVOAs 4.3
Alkaline-Activated Pers. 

Injection Simulation Baseline NEL LC AI10112 SDGXDDAI10111-14

8 A-2 Baseline Baseline Metals 9/12/2006 Soil
CLPILM 5.2, TCLP 
Metals, % Moisture Metals Mobilization Baseline NEL LC AI10111 SDGXDDAI10111-14

9 A-2
Baseline metal 
dupe Baseline Metals dup 9/12/2006 Soil

CLPILM 5.2, TCLP 
Metals, % Moisture Metals Mobilization Baseline NEL LC AI10112 SDGXDDAI10111-14

10 A-2
Baseline metal 
dupe2 Baseline Metals dup2 9/12/2006 Soil

CLPILM 5.2, TCLP 
Metals, % Moisture Metals Mobilization Baseline NEL LC AI10113 SDGXDDAI10111-14

11 - - 3 Trip Blanks 9/12/2006 Water CLP VOAs 4.3 Trip Blank Trip Blank NEL LC AI10114 SDGXDDAI10111-14

12 A-1
Application 1(Day 10) 
Control AP Cont D1 9/25/2006 Soil CLP VOAs 4.3

Alkaline-Activated Pers. 
Injection Simulation Application 1 NEL LC AI10619 SGDXDDAI10619-25

13 A-1
Application 1(Day 10) 
Control dupe AP Cont D1 dup 9/25/2006 Soil CLP VOAs 4.3

Alkaline-Activated Pers. 
Injection Simulation Application 1 NEL LC AI10620 SGDXDDAI10619-25

14 A-1
Application 1(Day 10) 
Low AP Low D1 9/25/2006 Soil CLP VOAs 4.3

Alkaline-Activated Pers. 
Injection Simulation Application 1 NEL LC AI10621 SGDXDDAI10619-25

15 A-1
Application 1(Day 10) 
Low dupe AP Low D1 dup 9/25/2006 Soil CLPVOAs 4.3

Alkaline-Activated Pers. 
Injection Simulation Application 1 NEL LC AI10622 SGDXDDAI10619-25

16 A-1
Application 1(Day 10) 
High AP High D1 9/25/2006 Soil CLPVOAs 4.3

Alkaline-Activated Pers. 
Injection Simulation Application 1 NEL LC AI10623 SGDXDDAI10619-25

17 A-1
Application 1(Day 10) 
High dupe AP High D1 dup 9/25/2006 Soil CLPVOAs 4.3

Alkaline-Activated Pers. 
Injection Simulation Application 1 NEL LC AI10624 SGDXDDAI10619-25

18 - - Trip Blank 9/25/2006 Water CLPVOAs 4.3 Trip Blank Trip Blank NEL LC AI10625 SGDXDDAI10619-25

19 A-3, A-4 Baseline Base 1012-1 10/12/2006 Water & Soil
Water & Soil  CLP VOAs 

4.3 H2O2/ZVI Baseline NEL LC AI117545.5 SGDXDDAI11754-7

20 A-3, A-4 Baseline dupe Base 1012-2 10/12/2006 Water & Soil Soil Only VOCs 4.3 H2O2/ZVI Baseline NEL LC AI11756 SGDXDDAI11754-7

21 - - Trip Blank 1012 10/12/2006 Water Water VOCs 4.3 Trip Blank Trip Blank NEL LC AI11757 SGDXDDAI11754-7

22 A-1
Application 3(Day 31) 
Control AP Cont D3 10/16/2006 Water & Soil Soil Only VOCs CLP 4.3 AP Injection Simulation Test Application 3 NEL LC AI11824 SDGXDDAI11824-33

23 A-1
Application 3(Day 31) 
Low AP Low D3 10/16/2006 Water & Soil Soil Only VOCs CLP 4.3 AP Injection Simulation Test Application 3 NEL LC AI11825 SDGXDDAI11824-33
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Appendix B: Laboratory Reports and Sample Key
Site 47, Indian Head, Maryland

Project Name: Indian Head Site 47 Start Date: 8/10/2006

Project Number: 95479 End Date: 1/18/2007

Client: CH2M Hill

No. Reference table Sample Reference Sample Designation
Sample 

Date Matrix Type Analysis
Specific Bench Test 

Associated with Sample
Specific Purpose of 

Sample Lab Name
Sample 
Sent By Lab Sample ID Lab Report Number

24 A-1
Application 3(Day 31) 
High AP High D3 10/16/2006 Water & Soil Soil Only VOCs CLP 4.3

Alkaline-Activated Pers. 
Injection Simulation Application 3 NEL LC AI11826 SDGXDDAI11824-33

25 A-1
Application 3(Day 31) 
Control dupe AP Cont D4 10/16/2006 Water & Soil

Water & Soil  CLP VOAs 
4.3

Alkaline-Activated Pers. 
Injection Simulation Application 3 NEL LC AI11827, 8 SDGXDDAI11824-33

26 A-1
Application 3(Day 31) 
Low dupe AP Low D4 10/16/2006 Water & Soil

Water & Soil  CLP VOAs 
4.3

Alkaline-Activated Pers. 
Injection Simulation Application 3 NEL LC A11829, 30 SDGXDDAI11824-33

27 A-1
Application 3(Day 31) 
High dupe AP High D4 10/16/2006 Water & Soil

Water & Soil  CLP VOAs 
4.3

Alkaline-Activated Pers. 
Injection Simulation Application 3 NEL LC AI11831,32 SDGXDDAI11824-33

28 - - Trip Blank 1016 10/16/2006 Water Water VOCs CLP 4.3 Trip Blank Trip Blank NEL LC AI11833 SDGXDDAI11824-33

29 A-3
Application 1(Day 5) 
Low Fen Low D1 10/17/2006 Water & Soil Soil VOCs CLP 4.3 Fenton's Inj. Simulation Test Application 1 NEL LC AI11916 SGDXDDAI11916-22

30 A-3
Application 1(Day 5) 
Low dupe Fen Reactor 1 10/17/2006 Water & Soil Soil VOCs CLP 4.3 Fenton's Inj. Simulation Test Application 1 NEL LC AI11917 SGDXDDAI11916-22

31 A-3
Application 1(Day 5) 
High Fen High D1 10/17/2006 Water & Soil Soil VOCs CLP 4.3 Fenton's Inj. Simulation Test Application 1 NEL LC AI11918 SGDXDDAI11916-22

32 A-3
Application 1(Day 5) 
High dupe Fen Reactor 2 10/17/2006 Water & Soil Soil VOCs CLP 4.3 Fenton's Inj. Simulation Test Application 1 NEL LC AI11919 SGDXDDAI11916-22

33 - - Trip Blank 1017 10/17/2006 Water Water VOCs CLP 4.3 Trip Blank Trip Blank NEL LC AI11920 SGDXDDAI11916-22

34 A-3
Application 1(Day 5) 
Control Fen Cont D1 10/17/2006 Water & Soil Soil VOCs CLP 4.3 Fenton's Inj. Simulation Test Application 1 NEL LC AI11921 SGDXDDAI11916-22

35 A-3
Application 1(Day 5) 
Control dupe Fen Reactor 3 10/17/2006 Water & Soil Soil VOCs CLP 4.3 Fenton's Inj. Simulation Test Application 1 NEL LC AI11922 SGDXDDAI11916-22

36 A-4
NZVI Time 1
(Day 7) Low NZVI + 1 Low 10/19/2006 Water & Soil Soil VOCs CLP 4.3 ZVI Injection Simulation Test Time 1 NEL LC AI12060 SGDXDDAI12060-74

37 A-4
NZVI Time 1
(Day 7) Low dupe NZVI Reactor 1 10/19/2006 Water & Soil Soil VOCs CLP 4.3 ZVI Injection Simulation Test Time 1 NEL LC AI12061 SGDXDDAI12060-74

38 A-4
NZVI Time 1
(Day 7) High NZVI +1 high 10/19/2006 Water & Soil Soil VOCs CLP 4.3 ZVI Injection Simulation Test Time 1 NEL LC AI12062 SGDXDDAI12060-74

39 A-4
NZVI Time 1
(Day 7) High dupe NZVI Reactor 2 10/19/2006 Water & Soil Soil VOCs CLP 4.3 ZVI Injection Simulation Test Time 1 NEL LC AI12063 SGDXDDAI12060-74

40 A-4
H200 ZVI Time 1
(Day 7) Low H200 +1 low 10/19/2006 Water & Soil Soil VOCs CLP 4.3 ZVI Injection Simulation Test Time 1 NEL LC AI12064 SGDXDDAI12060-74

41 A-4
H200 ZVI Time 1
(Day 7) Low dupe H200 Reactor 3 10/19/2006 Water & Soil Soil VOCs CLP 4.3 ZVI Injection Simulation Test Time 1 NEL LC AI12065 SGDXDDAI12060-74

42 A-4
H200 ZVI Time 1
(Day 7) High H200 +1 high 10/19/2006 Water & Soil Soil VOCs CLP 4.3 ZVI Injection Simulation Test Time 1 NEL LC AI12066 SGDXDDAI12060-74

43 A-4
H200 ZVI Time 1
(Day 7) High dupe H200 Reactor 4 10/19/2006 Water & Soil Soil VOCs CLP 4.3 ZVI Injection Simulation Test Time 1 NEL LC AI12067 SGDXDDAI12060-74

44 A-4
Ni-CAT ZVI Time 1
(Day 7) Low CZVI +1 low 10/19/2006 Water & Soil Soil VOCs CLP 4.3 ZVI Injection Simulation Test Time 1 NEL LC AI12068 SGDXDDAI12060-74

45 A-4
Ni-CAT ZVI Time 1
(Day 7) Low dupe CZVI Reactor 5 10/19/2006 Water & Soil Soil VOCs CLP 4.3 ZVI Injection Simulation Test Time 1 NEL LC AI12069 SGDXDDAI12060-74

46 A-4
Ni-CAT ZVI Time 1
(Day 7) High CZVI +1 high 10/19/2006 Water & Soil Soil VOCs CLP 4.3 ZVI Injection Simulation Test Time 1 NEL LC AI12070 SGDXDDAI12060-74
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47 A-4
Ni-CAT ZVI Time 1
(Day 7) High dupe CZVI Reactor 6 10/19/2006 Water & Soil Soil VOCs CLP 4.3 ZVI Injection Simulation Test Time 1 NEL LC AI12071 SGDXDDAI12060-74

48 A-4
 Time 1
(Day 7) Control ZVI Cont +1 10/19/2006 Water & Soil Soil VOCs CLP 4.3 ZVI Injection Simulation Test Time 1 NEL LC AI12072 SGDXDDAI12060-74

49 A-4
 Time 1
(Day 7) Control dupe ZVI Reactor 7 10/19/2006 Water & Soil Soil VOCs CLP 4.3 ZVI Injection Simulation Test Time 1 NEL LC AI12073 SGDXDDAI12060-74

50 - - Trip Blank 1019 10/19/2006 Water   Water VOCs CLP 4.3 Trip Blank Trip Blank NEL LC AI12074 SGDXDDAI12060-74

51 A-4
NZVI Time 2
(Day 14) Low NZVI +2 low 10/26/2006 Water & Soil Soil VOCs CLP 4.3 ZVI Injection Simulation Test Time 2 NEL LC AI12611 SGDXDDAI12611-25

52 A-4
NZVI Time 2
(Day 14) High NZVI +2 high 10/26/2006 Water & Soil Soil VOCs CLP 4.3 ZVI Injection Simulation Test Time 2 NEL LC AI12612 SGDXDDAI12611-25

53 A-4
H200 ZVI Time 2
(Day 14) Low H200 + 2 low 10/26/2006 Water & Soil Soil VOCs CLP 4.3 ZVI Injection Simulation Test Time 2 NEL LC AI12613 SGDXDDAI12611-25

54 A-4
H200 ZVI Time 2
(Day 14) High H200 +2 high 10/26/2006 Water & Soil Soil VOCs CLP 4.3 ZVI Injection Simulation Test Time 2 NEL LC AI12614 SGDXDDAI12611-25

55 A-4
Ni-CAT ZVI Time 2
(Day 14) Low CZVI +2 low 10/26/2006 Water & Soil Soil VOCs CLP 4.3 ZVI Injection Simulation Test Time 2 NEL LC AI12615 SGDXDDAI12611-25

56 A-4
Ni-CAT ZVI Time 2
(Day 14) High CZVI +2 high 10/26/2006 Water & Soil Soil VOCs CLP 4.3 ZVI Injection Simulation Test Time 2 NEL LC AI12616 SGDXDDAI12611-25

57 A-4
Time 2
(Day 14) Control ZVI +2 Cont 10/26/2006 Soil & Water Soil VOCs CLP 4.3 ZVI Injection Simulation Time 2 NEL LC AI12617 SGDXDDAI12611-25

58 A-4
NZVI Time 2 
(Day 14) Low dupe ZVI Reactor 8 10/26/2006 Soil & Water Soil VOCs CLP 4.3 ZVI Injection Simulation Time 2 NEL LC AI12618 SGDXDDAI12611-25

59 A-4
NZVI Time 2 
(Day 14) High dupe ZVI Reactor 9 10/26/2006 Soil & Water Soil VOCs CLP 4.3 ZVI Injection Simulation Time 2 NEL LC AI12619 SGDXDDAI12611-25

60 A-4
H200 ZVI Time 2 
(Day 14) Low dupe ZVI Reactor 10 10/26/2006 Soil & Water Soil VOCs CLP 4.3 ZVI Injection Simulation Time 2 NEL LC AI12620 SGDXDDAI12611-25

61 A-4
H200 ZVI Time 2 
(Day 14) High dupe ZVI Reactor 11 10/26/2006 Soil & Water Soil VOCs CLP 4.3 ZVI Injection Simulation Time 2 NEL LC AI12621 SGDXDDAI12611-25

62 A-4
Ni-CAT ZVI Time 2 
(Day 14) Low dupe ZVI Reactor 12 10/26/2006 Soil & Water Soil VOCs CLP 4.3 ZVI Injection Simulation Time 2 NEL LC AI12622 SGDXDDAI12611-25

63 A-4
Ni-CAT ZVI Time 2 
(Day 14) High dupe ZVI Reactor 13 10/26/2006 Soil & Water Soil VOCs CLP 4.3 ZVI Injection Simulation Time 2 NEL LC AI12623 SGDXDDAI12611-25

64 A-4
Time 2 (Day 14) 
Control dupe ZVI Reactor 14 10/26/2006 Soil & Water Soil VOCs CLP 4.3 ZVI Injection Simulation Time 2 NEL LC AI12624 SGDXDDAI12611-25

65 - - Trip Blank 1026 10/26/2006 Water Water VOCs CLP 4.3 Trip Blank Trip Blank NEL LC AI12625 SGDXDDAI12611-25

66 A-3
Application 3 
(Day 18) Low Fen Low D3 10/30/2006 Soil & Water Soil VOCs CLP 4.3 Fenton's Injection Simulation Application 3 NEL LC Broken

67 A-3
Application 3 
(Day 18) High Fen High D3 10/30/2006 Soil & Water Soil VOCs CLP 4.3 Fenton's Injection Simulation Application 3 NEL LC AI12698 SGDXDDAI12698-703

68 A-3
Application 3 
(Day 18) Control Fen Cont D3 10/30/2006 Soil & Water Soil VOCs CLP 4.3 Fenton's Injection Simulation Application 3 NEL LC AI12698 SGDXDDAI12698-703

69 A-3
Application 3 
(Day 18) Low dupe Fen Reactor 4 10/30/2006 Soil & Water Soil VOCs CLP 4.3 Fenton's Injection Simulation Application 3 NEL LC AI12699 SGDXDDAI12698-703
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70 A-3
Application 3 
(Day 18) High dupe Fen Reactor 5 10/30/2006 Soil & Water Soil VOCs CLP 4.3 Fenton's Injection Simulation Application 3 NEL LC AI12700 SGDXDDAI12698-703

71 A-3
Application 3 
(Day 18) Control dupe Fen Reactor 6 10/30/2006 Soil & Water Soil VOCs CLP 4.3 Fenton's Injection Simulation Application 3 NEL LC AI12701 SGDXDDAI12698-703

72 - - Trip Blank 1030 10/30/2006 Water Water VOCs CLP 4.3 Trip Blank Trip Blank NEL LC AI12702 SGDXDDAI12698-703

73 A-4
NZVI Time 3 
(Day 21) Low NZVI +3 Low 11/2/2006 Soil & Water

Soil & H2O VOCs CLP 
4.3 ZVI Injection Simulation Time 3 NEL LC AI12703 SGDXDDAI12698-703

74 A-4
NZVI Time 3 
(Day 21) High NZVI +3 High 11/2/2006 Soil & Water

Soil & H2O VOCs CLP 
4.3 ZVI Injection Simulation Time 3 NEL LC

(Soil AI12907) 
(Water AI12906) SGDXDDAI12906-27

75 A-4
H200 ZVI Time 3 
(Day 21) Low H2OO +3 Low 11/2/2006 Soil & Water

Soil & H2O VOCs CLP 
4.3 ZVI Injection Simulation Time 3 NEL LC

(Soil AI12909)  
(Water AI12908) SGDXDDAI12906-27

76 A-4
H200 ZVI Time 3 
(Day 21) High H2OO +3 High 11/2/2006 Soil & Water

Soil & H2O VOCs CLP 
4.3 ZVI Injection Simulation Time 3 NEL LC

(Soil AI12913) 
Water (AI12912) SGDXDDAI12906-27

77 A-4
Ni-Cat ZVI Time 3 
(Day 21) Low CZVI +3 Low 11/2/2006 Soil & Water

Soil & H2O VOCs CLP 
4.3 ZVI Injection Simulation Time 3 NEL LC

(Soil AI12915) 
Water (AI12914) SGDXDDAI12906-27

78 A-4
Ni-Cat ZVI Time 3 
(Day 21) High CZVI +3 High 11/2/2006 Soil & Water

Soil & H2O VOCs CLP 
4.3 ZVI Injection Simulation Time 3 NEL LC

 AI12917  
AI12916 SGDXDDAI12906-27

79 A-4
Time 3 
(Day 21) Control ZVI Cont +3 11/2/2006 Soil & Water Water VOCs CLP 4.3 ZVI Injection Simulation Time 3 NEL LC

AI12918  
AI12919 SGDXDDAI12906-27

80 A-4
NZVI Time 3 
(Day 21) Low dupe ZVI Reactor 15 11/2/2006 Soil & Water Soil VOCs CLP 4.3 ZVI Injection Simulation Time 3 NEL LC AI12920 SGDXDDAI12906-27

81 A-4
NZVI Time 3 
(Day 21) High dupe ZVI Reactor 16 11/2/2006 Soil & Water Soil VOCs CLP 4.3 ZVI Injection Simulation Time 3 NEL LC AI12921 SGDXDDAI12906-27

82 A-4
H200 ZVI Time 3 
(Day 21) Low dupe ZVI Reactor 17 11/2/2006 Soil & Water Soil VOCs CLP 4.3 ZVI Injection Simulation Time 3 NEL LC AI12922 SGDXDDAI12906-27

83 A-4
H200 ZVI Time 3 
(Day 21) High dupe ZVI Reactor 18 11/2/2006 Soil & Water Soil VOCs CLP 4.3 ZVI Injection Simulation Time 3 NEL LC AI12923 SGDXDDAI12906-27

84 A-4
Ni-Cat ZVI Time 3 
(Day 21) Low dupe ZVI Reactor 19 11/2/2006 Soil & Water Soil VOCs CLP 4.3 ZVI Injection Simulation Time 3 NEL LC AI12924 SGDXDDAI12906-27

85 A-4
Ni-Cat ZVI Time 3 
(Day 21) High dupe ZVI Reactor 20 11/2/2006 Soil & Water Soil VOCs CLP 4.3 ZVI Injection Simulation Time 3 NEL LC AI12925 SGDXDDAI12906-27

86 A-4
Time 3 
(Day 21) Control dupe ZVI Reactor 21 11/2/2006 Soil & Water Soil VOCs CLP 4.3 ZVI Injection Simulation Time 3 NEL LC AI12926 SGDXDDAI12906-27

87 - - Trip Blank 1102 11/2/2006 Water Soil VOCs CLP 4.3 Trip Blank Trip Blank NEL LC AI12927 SGDXDDAI12906-27

88 - - Trip Blank 11/27/2006 Soil & Water VOCs Trip Blank Trip Blank NEL DN AI15544 SGDXDDAI15536-44

89 A-5 Baseline Low ZVI Baseline Low 1 11/27/2006 Soil & Water VOCs CLPOLM 04.3 ZVI Baseline Baseline NEL DN AI15536 SGDXDDAI15536-44

90 A-5 Baseline Low dupe ZVI Baseline Low 2 11/27/2006 Soil & Water VOCs CLPOLM 04.3 ZVI Baseline Baseline NEL DN AI15537 SGDXDDAI15536-44

91 A-5 Baseline Medium ZVI Baseline Med 1 11/27/2006 Soil & Water VOCs CLPOLM 04.3 ZVI Baseline Baseline NEL DN AI15538 SGDXDDAI15536-44

92 A-5 Baseline Medium dupe ZVI Baseline Med 2 11/27/2006 Soil & Water VOCs CLPOLM 04.3 ZVI Baseline Baseline NEL DN AI15539 SGDXDDAI15536-44
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93 A-5 Baseline High ZVI Baseline High 1 11/27/2006 Soil & Water VOCs CLPOLM 04.3 ZVI Baseline Baseline NEL DN AI15540 SGDXDDAI15536-44

94 A-5 Baseline High dupe ZVI Baseline High 2 11/27/2006 Soil & Water VOCs CLPOLM 04.3 ZVI Baseline Baseline NEL DN AI15541 SGDXDDAI15536-44

95 Table 3 Baseline Metals Base 1 1/4/2007 Water CLP ILM 05.2 Metals Leaching (Filtered) Baseline NEL DN AI00122 SGDXDDAI00116-23

96 Table 3 Baseline dupe Metals Base 2 1/4/2007 Water Dissolved Metals Metals Leaching (Filtered) Baseline NEL DN AI00123 SGDXDDAI00116-23

97 Table 3 Peroxide 1 Metals H2O2 1/4/2007 Water CLP ILM 05.2 Metals Mobilization Metals Mobilization NEL DN AJ00118 SGDXDDAI00116-23

98 Table 3 Persulfate 1 Metals Persulfate 1/4/2007 Water CLP ILM 05.2 Metals Mobilization Metals Mobilization NEL DN AJ00117 SGDXDDAI00116-23

99 Table 3 Persulfate 2 Metals Reactor 1 1/4/2007 Water CLP ILM 05.2 Metals Mobilization Metals Mobilization NEL DN AJ00119 SGDXDDAI00116-23

100 Table 3 Peroxide 2 Metals Reactor 2 1/4/2007 Water CLP ILM 05.2 Metals Mobilization Metals Mobilization NEL DN AJ00120 SGDXDDAI00116-23

101 Table 3 Control dupe Metals Reactor 3 1/4/2007 Water CLP ILM 05.2 Metals Mobilization Metals Mobilization NEL DN AJ00121 SGDXDDAI00116-23

102 Table 3 Control Metals Control 1/4/2007 Water CLP ILM 05.2 Metals Mobilization Control NEL DN AJ00116 SGDXDDAI00116-23

103 A-5 NZVI Low IH47-nZVI-L1 1/18/2007 Soil CLPOLM 4.3 ZVI Exhaustion Test Low VOC application NEL DN AJ00677 SGDXDDAJ00677-701 

104 A-5 NZVI Low dupe IH47-nZVI-L2 1/18/2007 Soil CLPOLM 4.3 ZVI Exhaustion Test Low VOC application NEL DN AJ00678 SGDXDDAJ00677-701 

105 A-5 NZVI Medium IH47-nZVI-M1 1/18/2007 Soil CLPOLM 4.3 ZVI Exhaustion Test
Medium VOC 

application NEL DN AJ00679 SGDXDDAJ00677-701 

106 A-5 NZVI Medium dupe IH47-nZVI-M2 1/18/2007 Soil CLPOLM 4.3 ZVI Exhaustion Test
Medium VOC 

application NEL DN AJ00680 SGDXDDAJ00677-701 

107 A-5 NZVI High IH47-nZVI-H1 1/18/2007 Soil CLPOLM 4.3 ZVI Exhaustion Test High VOC application NEL DN AJ00681 SGDXDDAJ00677-701 

108 A-5 NZVI High dupe IH47-nZVI-H2 1/18/2007 Soil CLPOLM 4.3 ZVI Exhaustion Test High VOC application NEL DN AJ00682 SGDXDDAJ00677-701 

109 A-5 H200 ZVI Low IH47-H200-L1 1/18/2007 Soil CLPOLM 4.3 ZVI Exhaustion Test Low VOC application NEL DN AJ00683 SGDXDDAJ00677-701 

110 A-5 H200 ZVI Low dupe IH47-H200-L2 1/18/2007 Soil CLPOLM 4.3 ZVI Exhaustion Test Low VOC application NEL DN AJ00684 SGDXDDAJ00677-701 

111 A-5 H200 ZVI Medium IH47-H200-M1 1/18/2007 Soil CLPOLM 4.3 ZVI Exhaustion Test
Medium VOC 

application NEL DN AJ00685 SGDXDDAJ00677-701 

112 A-5
H200 ZVI 
Medium dupe IH47-H200-M2 1/18/2007 Soil CLPOLM 4.3 ZVI Exhaustion Test

Medium VOC 
application NEL DN AJ00686 SGDXDDAJ00677-701 

113 A-5 H200 ZVI High IH47-H200-H1 1/18/2007 Soil CLPOLM 4.3 ZVI Exhaustion Test High VOC application NEL DN AJ00687 SGDXDDAJ00677-701 

114 A-5 Ni-Cat ZVI High dupe IH47-H200-H2 1/18/2007 Soil CLPOLM 4.3 ZVI Exhaustion Test High VOC application NEL DN AJ00688 SGDXDDAJ00677-701 

115 A-5 Ni-Cat ZVI Low IH47-NiCAT-L1 1/18/2007 Soil CLPOLM 4.3 ZVI Exhaustion Test Low VOC application NEL DN AJ00689 SGDXDDAJ00677-701 
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116 A-5 Ni-Cat ZVI Low dupe IH47-NiCAT-L2 1/18/2007 Soil CLPOLM 4.3 ZVI Exhaustion Test Low VOC application NEL DN AJ00690 SGDXDDAJ00677-701 

117 A-5 Ni-Cat ZVI Medium IH47-NiCAT-M1 1/18/2007 Soil CLPOLM 4.3 ZVI Exhaustion Test
Medium VOC 

application NEL DN AJ00691 SGDXDDAJ00677-701 

118 A-5
Ni-Cat ZVI 
Medium dupe IH47-NiCAT-M2 1/18/2007 Soil CLPOLM 4.3 ZVI Exhaustion Test

Medium VOC 
application NEL DN AJ00692 SGDXDDAJ00677-701 

119 A-5 Ni-Cat ZVI High IH47-NiCAT-H1 1/18/2007 Soil CLPOLM 4.3 ZVI Exhaustion Test High VOC application NEL DN AJ00693 SGDXDDAJ00677-701 

120 A-5 Ni-Cat ZVI High dupe IH47-NiCAT-H2 1/18/2007 Soil CLPOLM 4.3 ZVI Exhaustion Test High VOC application NEL DN AJ00694 SGDXDDAJ00677-701 

121 A-5 Control Low IH47-CL1 1/18/2007 Soil CLPOLM 4.3 ZVI Exhaustion Test Low VOC application NEL DN AJ00695 SGDXDDAJ00677-701 

122 A-5 Control Low dupe IH47-CL2 1/18/2007 Soil CLPOLM 4.3 ZVI Exhaustion Test Low VOC application NEL DN AJ00696 SGDXDDAJ00677-701 

123 A-5 Control Medium IH47-CM1 1/18/2007 Soil CLPOLM 4.3 ZVI Exhaustion Test
Medium VOC 

application NEL DN AJ00697 SGDXDDAJ00677-701 

124 A-5 Control Medium dupe IH47-CM2 1/18/2007 Soil CLPOLM 4.3 ZVI Exhaustion Test
Medium VOC 

application NEL DN AJ00698 SGDXDDAJ00677-701 

125 A-5 Control High IH47-CH1 1/18/2007 Soil CLPOLM 4.3 ZVI Exhaustion Test High VOC application NEL DN AJ00699 SGDXDDAJ00677-701 

126 A-5 Control High dupe IH47-CH2 1/18/2007 Soil CLPOLM 4.3 ZVI Exhaustion Test High VOC application NEL DN AJ00700 SGDXDDAJ00677-701 

127 - - Trip Blank 1/18/2007 Water VOCs Trip Blank Trip Blank NEL DN AJ00701 SGDXDDAJ00677-701 
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Photograph No. 1: Soil boring IS47-BT02-0810 (Depth of Boring: 8 – 10 feet);  
IS47-BT22-0608 (Depth of Boring: 6 – 8 feet) 

 

 
 
Photograph No. 2: Soil boring IS47-BT02-0810 (Depth of Boring: 8 – 10 feet); IS47-
BT22-0608 (Depth of Boring: 6 – 8 feet). 



Appendix C: Bench-Scale Photographs 
Site 47, Indian Head, Maryland 

 

 
Page 2 of 7 

 
 
Photograph No. 3: Soil boring IS47-BT22-0608 (Depth of Boring: 6 – 8 feet). 
 
 

 
 
Photograph No. 4: Soil boring IS47-BT19-0608 (Depth of Boring 6 – 8 feet);  
IS47-BT12-1416 (Depth of Boring 14 – 16 feet). 
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Photograph No. 5: Soil boring IS47-BT19-0608 (Depth of Boring 6 – 8 feet). 
 

 

 
 
Photograph No. 6: Soil boring IS47-BT14-1618 (Depth of Boring 16 – 18 feet); IS47-
BT07B-1012 (Depth of Boring 10 – 12 feet) 
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Photograph No. 7: Injection Simulation Test for Alkaline-Activated Persulfate. 
 

 

 
 

Photograph No. 8: Injection Simulation test for Alkaline-Activated Persulfate: 
Samples prepared for Iodometric titration. 
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Photograph No. 9: Hydrogen Peroxide Gas Evolution Test. 
 

 
 

Photograph No. 10: Hydrogen Peroxide Gas Evolution Test. 
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Photograph No. 11: Zero Valent Iron (ZVI) Products: Nano-Scale ZVI, Micron-Scale 
ZVI and Nickel-Catalyzed Micron-Scale ZVI. 

 

 
 
Photograph No. 12: Micron-Scale ZVI (H200) - fine 30-100 µm; Nickel-Catalyzed 
Micron-Scale (Ni-CAT ZVI); (Hoeganaes Fine particle 2 Ni-Iron; 5-30 µm). 
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Photograph No. 13: Nano-Scale ZVI (Toda iron; 10-100 nm). 
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1.0 Executive Summary 
In the summer of 2005, CH2M HILL expressed interest in the potential 
effectiveness of using zero valent iron (ZVI), delivered via soil mixing, to treat 
solvent impacted soils at Site 47, Naval Support Facility, Indian Head (NSF-IH), 
Indian Head, Maryland.  Two specific approaches of interest were emulsified 
zero valent iron (EZVI) and granular zero valent iron with clay (ZVI-Clay).  The 
following reports methods and results for the bench-scale study conducted by 
Colorado State University (CSU) to evaluate ZVI-Clay and EZVI technologies 
including soil receipt and preparation, gas generation study, batch reactor study, 
and reductant formulation. 
 
In June 2006, CSU received samples of saturated soil and groundwater from 
CH2M HILL to complete a bench-scale evaluation of the technologies.  Upon 
receipt, the acetate sleeves were opened and the soil contents logged.  Two 
composite soil samples were then generated.  One of these samples, containing 
approximately ¼ of the total soil mass, was used for composite property 
measurements and an archive.  The remainder of the soil was prepared for a 
bench-scale study evaluating various treatments.   
 
A gas generation study was conducted in two phases.  Phase 1 was completed 
prior to receipt of site soils.  Reactors were prepared with laboratory-grade sand, 
water, carbon tetrachloride, ZVI, and stabilizing agents.  Stabilizing agents were 
evaluated including bentonite and kaolin clays with or without cement addition.  
Compared to kaolin-treated systems, bentonite-treated systems generated more 
gas but also achieved more thorough degradation.  These results were used as a 
basis for using bentonite clay in the batch reactor study.  Phase 2 of the gas 
generation study was completed in conjunction with the batch reactor study.  Gas 
generated from the reactors was captured and the composition analyzed.  
Results indicate that treatments of greatest effectiveness also tend to generate 
more gas.  The primary component of evolved gas is hydrogen. 
 
The batch reactor study included 13 batch reactors employing various 
treatments, including ZVI-Clay or EZVI.  Variations on ZVI-Clay included iron 
amount, addition of acid, and addition of cement.  Variations on EZVI included 
iron amount and addition of clay.   
 
A bench top soil-mixing platform was used to mix each column; during mixing, a 
grout containing stabilizing agents (clay) and reactive media (iron) was admixed 
with contaminated soil.  Treatment effectiveness was evaluated via soil samples 
collected from each column after reaction times of 0, 3, 7, 28, and 56 days.  
Samples were analyzed for primary contaminants of concern including carbon 
tetrachloride (CT), chloroform (CF), perchloroethene (PCE), trichloroethene 
(TCE), cis-1,2-dichloroethene (cis-1,2-DCE), 1,1,2,2-trichloroethane (1,1,2,2-
TCA), 1,2-dichloroethane (1,2-DCA), and dichloromethane (DCM).   
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Primary results of the batch reactor study are as follows: 
1. In ZVI-Clay columns containing 1% and 3% Peerless iron, CT was 

reduced by ~4 orders of magnitude; total parent compounds (CT, CF, 
PCE, and TCE) were reduced by ~2 orders of magnitude in the 56 day 
study. 

2. EZVI treatment achieved CT reduction by 1-2 orders of magnitude; total 
parent compounds were reduced by up to 1 order of magnitude.  In EZVI 
columns, best results were achieved in the column containing clay.  
Possible reasons include stabilized emulsion via addition of clay or 
enhanced reactivity of iron via interaction with bentonite. 

3. Addition of 5% cement significantly inhibited the rate of reaction.  Use of 
0.5% cement has less effect on the reaction rate, but reaction rates were 
still slowed. 

4. Addition of acid did not dramatically improve treatment over standard 
ZVI-Clay columns. 

5. DCM is formed as a daughter product from degradation of CT and CF.  
DCM formation was noted in columns where significant degradation of CT 
and CF was achieved.  In ZVI-Clay columns DCM reached an apparent 
peak level, with a yield of ~37%.  After this level was achieved, 
concentrations began to reduce.  At this point it is unclear as to DCM 
concentrations were reduced via iron-mediated, biological, or other 
processes.   

6. Measured chloride concentrations, in general, increased in treated 
columns.  This provides verification that reductive dechlorination is indeed 
occurring. 
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2.0 Disclaimer 
Colorado State University provides no guarantees or warranties regarding the 
performance of the ZVI-Clay and EZVI technologies at a field scale or over 
extended periods.   Parties utilizing information presented herein should 
recognize the following: 

1. Conditions in the field can vary from those in the laboratory;  
2. Performance observed during the relatively short duration of the laboratory 

studies does not guarantee long-term performance;  
3. All aspects of the ZVI-Clay or EZVI treatment processes have not been 

fully understood at this time; and  
4. Success at a field scale will be highly dependent on field delivery and 

mixing of reactive media, stabilizing agents, and target compounds.  
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3.0 Introduction 
In the summer of 2005, CH2M HILL expressed interest in the potential 
effectiveness of using zero valent iron (ZVI), delivered via soil mixing, to treat 
solvent impacted soils at Site 47, Naval Support Facility, Indian Head (NSF-IH), 
Indian Head, Maryland.  Two specific approaches of interest were emulsified 
zero valent iron (EZVI) and granular zero valent iron with clay (ZVI-Clay).  To 
resolve the effectiveness of these two options soils were acquired from the site 
by CH2M HILL and shipped to Colorado State University (CSU).  Subsequently, 
CSU conducted a set of laboratory treatability studies in accordance with the 
Final Work Plan (CH2M HILL 2006) and under the input and supervision of 
CH2M HILL.   
 
The following presents a final report outlining methods and results.     
 
3.1 Study Objectives 
The objectives of the bench-scale studies as described in the work plan are to: 
 

1. Characterize the efficacy of admixing reactive media (granular iron and 
EZVI) and stabilizing agents (kaolin or bentonite) to degrade carbon 
tetrachloride (CT), perchloroethene (PCE), 1,1,2,2-trichloroethane (TCA) 
and related degradation products. 

 
2. Evaluate the feasibility of including Portland cement in the injected grout to 

1) improve post treatment compressive strength, 2) limit the production of 
methylene chloride, and 3) scavenge excess CO2 that may be produced. 

 
3. For the most promising treatments, characterize 1) the volume and 

composition of produced gases and 2) the concentrations of target 
chlorinated volatile organic compounds (CVOCs) and metals present in 
pore water. 

 
4. Evaluate the use of acid addition (low pH) to minimize formation of 

methylene chloride.   
 

5. Evaluate the relative amounts of gas generation associated with use of 
bentonite and kaolin as stabilizing agents.  Larger than anticipated gas 
generation during the Camp Lejeune project may be attributable to use of 
bentonite versus kaolin. 

 
6. Develop a grout formulation that will effectively suspend the iron and 

achieve the desired post-treatment hydraulic conductivity. 
 
7. Document results in support of CH2M HILL’s 1) comparison of the 

technology to other options and 2) if selected, development of plans and 
specifications for implementation. 
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3.2 Technology Description 
ZVI-Clay 
ZVI-Clay uses conventional soil mixing equipment to admix reactive media (e.g., 
ZVI) and stabilizing agents (e.g., clay) with contaminated soil.  Reactive media 
and stabilizing agents are combined in a grout, which is delivered into 
contaminated soils via a port in the soil-mixing tool (Day and Ryan 1995).  
Through mixing, heterogeneous subsurface source zones are transformed into 
uniform bodies of soils, contaminants, reactive media, and stabilizing agents.  
Within the treated interval, two levels of treatment are achieved: (1) reactive 
media drives contaminant degradation, while (2) stabilizing agents reduce the 
hydraulic conductivity.  In addition, soil mixing overcomes the challenge of 
delivering reactive media through complex geologic media.  The overall benefit of 
ZVI-Clay treatment is a reduction in contaminant flux from the treated interval. 
 
EZVI 
A description of EZVI, as provided by NASA (2002), is as follows: 
 

EZVI involves placing nanoscale zero-valent iron particles into a 
surfactant-stabilized, biodegradable oil-in-water emulsion. This emulsion is 
injected into the DNAPL-contaminated zones of the subsurface. The 
DNAPL is then pulled into the emulsion where the contaminant reacts with 
the zero-valent iron. Through a process known as reductive 
dehalogenation, the DNAPL and its daughter products are degraded into 
ethene and other hydrocarbons. These by-products are finally broken 
down through biological activities in the subsurface. 

 
EZVI is part of NASA’s technology transfer program.  For this study it is 
envisioned that EZVI is delivered via soil mixing, either with clay or without.  
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4.0 Methods 

4.1 Sample Receipt and Preparation 
CH2M HILL collected soil cores in June 2006 from throughout the targeted 
interval at the Site.  Samples were received by CSU in June 2006.  A summary of 
shipments received is shown in Table 1.  Upon receipt, soil cores and water 
samples were stored at ~4°C until processing.   
 
Soil cores were processed by CSU on June 30 and July 5, 2006.  Related 
activities included opening of soil cores, logging soils for physical properties, and 
dividing samples for subsequent studies.  During soil logging, soils were 
screened for VOCs using an Organic Vapor Analyzer (OVA).  Samples with 
elevated OVA readings (i.e., >10 ppm) were checked for the presence of NAPL 
using Sudan IV.  Soils were added to a 40-mL vial with water and Sudan IV, a 
NAPL-soluble dye.  A spreadsheet describing observed soil properties, including 
Sudan IV results, is presented in Appendix A.   
 

Table 1: Summary of Saturated Soil and Groundwater Samples Shipments  

Date 
received Shipment Matrix Condition 

6/22/06 2 coolers Water Good 

6/23/06 4 boxes Soil Boxes damaged; soil cores intact 

6/27/06 3 boxes Soil Good 

6/28/06 3 boxes Soil Good 

 
 
In all, 632 pounds of soil were received by CSU.  Approximately ¾ of the soils 
were used in the batch reactor study (see below), with the remainder stored for 
measurement of physical properties and archive.   
 
Groundwater samples were stored at 4oC.  As described in detail below, 
groundwater was used to saturate site soils prior to treatment and for hydraulic 
conductivity measurement. 
  
4.2 Physical Properties of Composite Soil Sample 
Table 2 summarizes physical properties and associated methods used to 
characterize the composite soils.  Results from these and all subsequent studies 
are presented in Section 5 of this report. 
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Table 2: Physical Property Measurements and Associated Analytical Methods 

Parameter Method Analysis Performed By 
Moisture content ASTM D2216 in-house 

Fraction of organic carbon (foc) EPA 9060 Huffman Laboratories, Golden, 
Colorado 

Soil pH EPA 9045 in-house 

Grain size distribution ASTM D422 CSU; Soil, Water, and Plant 
Testing Laboratory 

In situ soil density Calculation in-house 
 
4.3 Batch Reactor Study 
Batch reactor studies were conducted to evaluate effectiveness using various 
treatments.  The scope of this work included construction of 13 batch column 
reactors, soil preparation (addition of contaminant “spike” and homogenizing), 
grout preparation, soil mixing, and sampling.  This section describes the work in 
detail. 
 

4.3.1. Experimental Design 
A summary of columns prepared and mixed is shown in Table 3.  Supplier and 
product information for materials used in the study is shown in Table 4.  The 
experimental design for the batch reactor study is illustrated in Figure 1.  Figure 
1a shows control columns which were prepared without iron.  Figure 1b shows 
columns prepared with PeerlessTM granular iron and various additives (i.e., 
cement or acid).  Figure 1c shows columns that were prepared as part of the 
EZVI portion of the study.  Bentonite clay was selected for this study based on 
preliminary gas generation studies and subsequent discussions.  Unless 
otherwise noted on Figure 1 and Table 3, 1% bentonite clay was added to all 
columns.   

Table 3: Summary of Batch Reactor Columns  

Column ID Iron 
Amount1 Iron Source Clay Added1,2 Other 

Treatment 
IH-1 -- -- 1% -- 
IH-2 -- -- -- -- 
IH-3 1% Peerless 1% -- 
IH-4 1% Peerless 1% 5% Cement 
IH-5 1% Peerless 1.67% (3) HCl 
IH-6 3% Peerless 1% -- 
IH-7 3% Peerless 1% 5% Cement 
IH-8 3% Peerless 1.67% (3) HCl 
IH-9 0.15% BASF -- EZVI 

IH-10 0.75% BASF -- EZVI 
IH-11 1.5% BASF -- EZVI 
IH-12 0.75% BASF 1% EZVI 
IH-13 1% Peerless 1% 0.5% cement 

Notes: 
1 – Percents indicate mass of material per mass of total dry solids 
2 – Bentonite clay was used in the batch study 
3 – Addition of acid thinned the grout; extra bentonite was added to the grout 
to achieve suspension of iron particles 
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Table 4 – Product Information 

Material Supplier Product Info 
Granular iron 

(ZVI-Clay) Peerless Cast iron aggregate; mesh 
size: –50/+100 

Iron - BASF size: 1 – 3 microns 
Surfactant – 

Sigma Aldrich Span® 85 Emulsified iron (EZVI) 

Corn oil off-the-shelf 
Kaolin clay Thiele Kaolin Company Product no.: B-80 

Portland cement Holcium Type I/II 
 
 

 
                                          
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 – Batch Reactor Study Experimental Design  
Notes: one additional column (column 13, per Table 3) was added to this 
design by CSU. 

 
4.3.2. Batch Reactor Construction 

The batch reactors used in the study are 40 centimeters in height, 10-cm in 
diameter, and are constructed of schedule 40 transparent PVC.  Sampling ports 
sealed with Nylon plugs are located at 5-cm intervals along the wall of the 
column.  The top of each column is sealed using a Cherne Monitor-Well plug.  
The bottom of the column is cemented into a PVC flange; this flange is bolted 
onto an acrylic sheet to seal the column. 

Figure 1b: ZVI-Clay columns with 
acid and cement addition. 

Figure 1a: Control columns 
(no iron added). 
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Figure 2: Columns Used for Study: Empty (left) and Filled with Soil. 

 
4.3.3. Soil Preparation 

Steps to prepare soils for treatment include homogenization and “spiking”.  
Homogenization was accomplished using a hand-held drill and paint mixing tool.  
During homogenization, approximately 1 gallon of site water was added to the 
soil to fully saturate the soils and facilitate mixing.   
 
Following homogenization, soils were spiked with a composite dense non-
aqueous phase liquid (DNAPL) containing site-specific contaminants.  Target soil 
concentrations were 10 times those expected in the field.  Previous experience 
has indicated that approximately half of the contaminants are lost during soil 
homogenization (likely due to volatilization); as such, the soils were initially 
spiked to approximately 20 times greater than expected levels.  Composition of 
the spiking solution is shown in Table 5.   
 

Table 5: DNAPL Spike Solution Composition 

Compound Target Soil 
Concentration (mg/kg)1 

Volume added 
(μL) 

Measured Post-
Mixing Soil 

Concentration 
(mg/kg)2 

CT 640 86,700 407 
CF 260 37,600 210 

PCE 20 2,640 11.6 
TCE 2 295 1.4 

cis-1,2-DCE 0.8 135 ND 
1,1,2,2-TCA 0.06 8 ND 

1,2-DCA 2 345 ND 
Total - 127,700 - 

Notes: 
1 – Based on 20x expected field concentrations 
2 – Data from control column 1, time 0 sample 
mg/kg – milligrams per kilogram 
μL – micro liters 
ND – compound not detected 
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The composite DNAPL was added to the soils using a micro syringe.  Following 
addition of ~5 mL of the composite DNAPL, the soils were vigorously blended 
using a hand-held drill and paint mixing tool.  Blending was repeated multiple 
times a day over a period of 7 days to ensure a uniform contaminant 
concentration.  Once spiking was complete, the soils were loaded into the reactor 
columns shown in Figure 2.   
 

4.3.4. Grout Preparation 
Tap water, clay, iron, and other reagents (e.g., cement or acid) were combined 
into a grout for delivery into soils.  The detailed compositions of the ZVI-Clay 
grout mixtures are shown in Appendix B.  Clay (or other stabilizing agents) 
enhances grout viscosity.  This provides multiple benefits including suspension of 
the iron particles.  The ZVI-Clay mixture is delivered into contaminated soils via a 
positive displacement pump connected to the soil-mixing tool.   
 
EZVI was prepared per instructions provided by GeoSyntec (Suzanne O’Hara) 
and NASA (Jacqueline Quinn).  Preparation of EZVI was completed in three 
steps.  First, the water and iron were mixed in a blender at a low speed.  Second, 
the corn oil and surfactant were combined in a graduated cylinder.  Finally, the 
oil/surfactant mixture was slowly poured into the blender.  The EZVI was 
delivered into contaminated soils via a positive displacement pump connected to 
the soil-mixing tool.  A photograph of EZVI is shown in Figure 3. 
 

 
Figure 3: Beaker of EZVI 

4.3.5. Soil Mixing Procedures 
Treatment of the columns was completed using the soil-mixing platform shown in 
Figure 4.  The mixing apparatus advances a soil-mixing auger (Figure 4) through 
the columns at a fixed vertical velocity and rate of rotation.  The grout is injected 
at a controlled rate through a port in the soil-mixing auger.  The apparatus is 
designed to achieve repeatable mixing results in a laboratory setting. 
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Figure 4 - Mixing Apparatus – Platform (left) and Soil-Mixing Auger (right) 

 
Mixing in each column was completed in three down-up passes.  ZVI-Clay grout 
or EZVI injection was completed during the downward portion of the first pass; 
subsequent passes were completed to achieve a more uniform mixture. 
 

4.3.6. Sampling and Analysis 
Soil samples were collected after approximate reaction times of 0, 3, 7, 28, and 
56 days.  Time 0 samples were collected from the top of the columns 
immediately after mixing.  Subsequent soil samples were collected from the 
sampling ports.  Soil samples were collected using coring tubes (Figure 5).  Upon 
collection, soil samples were immediately extruded from the coring tube into a 
vial containing 10 milliliters of MTBE extractant.  The soil/extractant mixture was 
then agitated for approximately one hour using a sieve shaker.  This is done to 
facilitate partitioning of chlorinated organic compounds into the MTBE phase for 
analysis.  Extracted samples were kept at 4°C for at least 4 days to allow for 
complete partitioning of contaminants into the organic phase.  Duplicate and 
blank samples were collected at an approximate frequency of 10%. 
 

 
Figure 5 – Collecting Soil Samples Using a 1-cm Diameter Coring Tube 
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Samples were analyzed for chlorinated volatile organic compounds (CVOCs) 
including CT, CF, DCM, PCE, TCE, cis-1,2-DCE, 1,1,2,2-TCA, and 1,2-DCA.  
Analysis was conducted on a Hewlett Packard 5890 Series II gas chromatograph 
(GC) with an Agilent DB-624 column and electron capture detector (ECD).   
 
Each soil sample was analyzed for water content, pH, and chloride 
concentration.  Water content was measured as described above for the bulk soil 
samples.  Soil pH was measured in accordance with EPA Method 9045 using a 
combination electrode that was calibrated for pH 4, 7, and 10 prior to use.  
Chloride concentration provides an independent means of evaluating treatment 
(reductive dechlorination) that is not biased by potential contaminant losses 
through volatilization.  Chloride analysis was performed using an ion-specific 
electrode (ISE) that was calibrated in NaCl standard solutions ranging from 5 to 
500 milligrams per liter (mg/L) (as Cl-) prior to use.  These parameters were 
measured in all samples at the end of the experiment. 
 

4.3.7. Post Treatment Analyses 
At the completion of the batch reactor experiment, select column samples were 
analyzed for hydraulic conductivity, compressive strength, pore water quality, and 
ZVI content.  Pore water was analyzed for target chlorinated compounds, 
arsenic, manganese, iron, and vanadium (EPA 6010).  ZVI content was 
determined via magnetic separation.  
 
Hydraulic conductivity was monitored in select columns using methods similar to 
those described in ASTM D5856-95.  Sub-sections of the transparent PVC 
column reactors were used as rigid-wall hydraulic conductivity cells.  In 
preparation for hydraulic conductivity measurement, the columns were cut down 
to a length of 12 cm, representing approximately the middle 1/3 of the column.  
Soil was removed from each end of the column section to a depth of 1 centimeter 
(cm), for a total sample thickness of 10 cm.  To facilitate uniform flow throughout 
the cross-sectional area of the column, a 1-cm layer of coarse sand was placed 
at each end.  The high permeability of the coarse sand allows for vertical and 
lateral flow, facilitating uniform pressure distribution at the column ends.  The 
coarse sand was sandwiched between two layers of filter paper to maintain 
separation of layers.  Perforated plastic disks and spacers were placed at both 
column ends to support the sample.  Finally, PVC lids were attached to each end 
of the sample and sealed using PVC cement.  Two ports were drilled and hose 
barbs inserted into each lid to allow for water flow.  The purpose of the second 
port was to purge air from the column ends prior to testing.  The columns were 
then attached to a falling-head apparatus.  Provided site groundwater was used 
to permeate the columns.  Hydraulic conductivity values were measured over 
approximately 2 hours until steady values were achieved. 
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Figure 6: Hydraulic Conductivity Falling-Head Apparatus and Sample Cells 

 
Following the batch reactor study, unconfined compressive strength was 
measured for select soil samples (per CH2M HILL 2006).  Soil samples were 
removed from the bottom portion of each column using a 2-inch diameter coring 
tube.  Soil cores were approximately 5-6 inches in length.  Prior to analysis, soil 
samples were extruded from the coring tubes and trimmed to a length of 
approximately 4 inches.  Soil compressive strength was monitored using 
methods similar to ASTM D4219-02.  The samples were strained at a constant 
rate, and load values were measured over time.  Following soil strength 
measurement, samples were weighed and water content measured. 
 
Pore water quality was monitored for arsenic, iron, manganese, and vanadium.  
Pore water was extracted from select columns at the completion of the batch 
reactor study.  To extract pore water, saturated soil was centrifuged at 3,000 rpm 
for 5 minutes.  A syringe was used to remove the supernatant from the centrifuge 
tube.  The water was passed through a 0.2-micron nylon syringe filter to remove 
any remaining solids.  Samples were preserved using nitric acid.  Inductively 
Coupled Plasma Atomic Emission Spectroscopy (ICP-AES) analysis was 
conducted for by Huffman Laboratories, Golden, Colorado. 
 
4.4 Gas Generation Study 
The gas generation study was conducted in two phases.  Phase 1 was 
conducted before the receipt of the soil samples using bentonite and kaolin 
slurries admixed with laboratory sands and CT.  Phase 2 consisted of collecting 
gas generated from the batch reactors during the batch reactor study.  Details 
are provided below. 
 
Phase 1 
This study was conducted to evaluate the volume of gas generated using three 
stabilizing agents including bentonite clay, kaolin clay, and Portland cement. The 
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results of the Phase 1 study were used to determine a stabilizing agent for use in 
the batch reactor study. 
 
A schematic illustration and photograph of the experimental set-up is shown in 
Figure 7.  A 1-liter Erlenmeyer flask was used as a reactor.  Contents of this flask 
included soil (laboratory-grade sand), water, contaminant (CT at approximately 
320 mg/kg), Peerless iron, and stabilizing agents (bentonite, kaolin, and/or 
Portland cement).   Some headspace was initially left in the reactor flask, which 
was sealed at the top with a rubber stopper.  This headspace was connected to 
the displacement flask via Teflon tubing.  The displacement flask consisted of a 
250-mL Erlenmeyer flask; initially, the displacement flask was entirely filled with 
de-aired water. 
 
As gas was generated in the system, the headspace pressure in the reactor flask 
built up.  The pressure increase pushed gas through the Teflon tube, into the 
displacement flask.  This gas would displace water into graduated cylinder.  The 
volume of water captured in the graduated cylinder was assumed equal to the 
quantity of gas produced. 
 

             
Figure 7: Phase I Gas Generation Study    

 
Phase 2 
Phase 2 of the gas generation study was completed in tandem with the batch 
reactor study (Section 4.3).  The objective was to characterize the composition of 
gas generated in the columns during the experiment.  To accomplish this, 
evolved gas was captured in a 1-liter glass Erlenmeyer flask attached to the 
column (Figure 8).  As in Phase 1, the flasks were initially filled with de-aired 
water; as gas filled the flasks, water was displaced.  Upon completion of the 
Batch Reactor Study, the flasks were disconnected from the columns.   Gas 
contents of the flasks were transferred into Tedlar bags (Figure 9).  These 
samples were sent to a CH2M HILL laboratory in Corvallis, Oregon for analysis.  
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Analyses included hydrogen, C1-C6 (e.g., methane and ethane), fixed gasses 
(N2, O2, CO2, CO), and CVOCs (CT, CF, PCE, TCE, DCM). 
 
Based on the conference call with CH2M HILL on September 22, 2006 and the 
subsequent memo dated October 2, 2006, a decision was made to combine 
similar gas samples for composition analysis.  Two composite samples were 
submitted for analysis:  

1. ZVI-Clay columns containing 1% and 3% iron (column nos. 3 and 6), and 
2. EZVI columns (nos. 9 through 12).   

 
Originally, it was thought that Sample 1 would be analyzed for all parameters and 
Sample 2 would be analyzed for as many as the submitted volume would allow.  
In the end, the volumes of both samples were adequate for analyses of all 
parameters. 
 
 

 
Figure 8: Phase 2 Gas Collection Apparatus 

 
 

 
Figure 9: Transferring Gas from Flasks into Tedlar Bags for Analysis 



5.0 Results 
 
This section presents results obtained from study activities discussed in Section 
4.0. 
 
5.1 Composite Soil Sample Properties 
Composite soil sample properties were measured including moisture content, 
fraction of organic content (foc), soil pH, particle size distribution, and bulk 
density.  Results are shown in Table 6. 
 

Table 6: Composite Soil Sample Physical Properties 

Parameter Test Result 
Moisture content 24.4%1 

foc 0.67% 
pH 5.11 

Particle size 
distribution 

Sand: 80% 
Silt: 13% 
Clay: 7% 

In situ soil density 115 lb/ft3 
Notes: 
1 - Reported as mass of water/mass of solids x 100% 

 
 
5.2 Batch Reactor Study Performance Data 
Through the batch reactors study concentrations of target compounds (e.g., CT, 
CF, PCE, TCE, cis-1,2-DCE, 1,2-DCA, and 1,1,2,2-TCA) and related daughter 
products (DCM) were monitored as a function of time.  The following section 
presents related results for ZVI-Clay, EZVI, acid addition, and cement addition in 
each of the batch reactor columns.  The discussion focuses on the analytical 
results and degradation of CT, CF, TCE, and DCM. Other compounds, including 
cis-1,2-DCE, 1,2-DCA, and 1,1,2,2-TCA were added during the soil spiking, but 
in much smaller quantities.  In this study, none of these were found above 
quantifiable detection limits.  A complete listing of measured concentrations is 
included in Appendix C. 
 
In the following sections, indicated percent reductions are calculated as the 
percent of contaminant initially present that has been removed.  The initial 
contaminant levels are determined for each column from samples collected 
immediately after mixing (i.e., time 0).   
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5.2.1. ZVI-Clay Results 
Carbon Tetrachloride 
Figure 10 presents CT concentrations in the 1% and 3% ZVI-Clay studies along 
with control column 1 (no iron and 1% clay) and control column 2 (no iron or 
clay).  CT concentrations were reduced by 3-4 orders of magnitude in ZVI-Clay 
treated columns.  Rapid CT degradation occurred over the first 3 to 7 days.  After 
this time, the degradation rate decreased.  CT levels in reactive columns reached 
concentrations of 0.09 mg/kg and 0.02 mg/kg for columns containing 1% and 3% 
iron, respectively.  Note that the primary method of mass transfer is diffusion.  At 
low concentrations the concentration gradient, which is the driving force behind 
diffusion, is diminished.  In addition, some CT mass might be irreversibly 
adsorbed in the soil matrix and therefore unavailable for reaction.  These would 
account for the asymptotic curve shape. 
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and Control Columns 

 
 
Chloroform 
CF degradation data is shown in Figure 11.  CF was added as part of the initial 
contaminant spike; in addition, reductive dechlorination of CT can generate CF 
as a daughter product.  As such, CF concentrations show an initial increase, 
followed by a sustained period of reduction.  Iron-mediated degradation of CF is 
expected to be slower than CT.  At the end of the experiment, CF concentrations 
were reduced by ~3 orders of magnitude.  Final CF levels were 0.9 mg/kg and 
0.4 mg/kg in ZVI-Clay columns containing 1% and 3% iron, respectively. 
 



 20

 
 

0.1

1

10

100

1000

0 10 20 30 40 50 60 70

Control 1
Control 2
1%
3%

C
hl

or
of

or
m

 (m
g/

kg
)

Reaction Time (d)  
Figure 11:  CF Concentration Versus Time for ZVI-Clay Treated Columns 
and Control Columns 

 
DCM 
DCM concentrations are shown in Figure 12.  Degradation of CT and CF has the 
potential to form DCM.  Previous research indicates that DCM is stable in the 
presence of iron; most of this research was conducted in the context of 
Permeable Reactive Barriers (PRBs).  However, ZVI-Clay treated soils have a 
longer residence time than PRBs.  In this study, DCM concentrations appear to 
reach a peak value and then decrease.  Possible causes for apparent DCM 
removal include slower iron-mediated processes, biological processes, or mass 
loss from the columns (perhaps due to diffusion or volatilization).    
 
DCM reached peak values of 131 mg/kg and 93 mg/kg in ZVI-Clay columns 
containing 1% and 3% iron, respectively.  In columns where peak DCM 
concentrations were reached, the DCM yield based on CT and CF initially 
present in the soils is 37% (mol/mol).  It should be noted that DCM yield at the 
Martinsville field application (DuPont 2002) was ~1% of initial CT.  Possible 
causes for the low DCM yield at Martinsville include biological degradation or 
iron-mediated degradation, given the longer residence time after soil mixing.  
From this, given field conditions such as (1) larger scale and reduced-oxygen 
environment that is more suitable for biological degradation and (2) more time for 
reactions to proceed to completion, a lower DCM yield might be achieved after 
field applications. 
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Figure 12: DCM Concentration Versus Time in ZVI-Clay Treated Columns 
Note: DCM was not detected in any of the control columns 

 
 
PCE and TCE 
PCE and TCE degradation rates are expected to be slower than CT or CF.  PCE 
concentrations were reduced to 6.4 mg/kg and 4.1 mg/kg in ZVI-Clay columns 
containing 1% and 3% iron, respectively.  TCE concentrations were reduced to 
0.4 mg/kg and 0.2 mg/kg in ZVI-Clay columns containing 1% and 3% iron, 
respectively.  However, decreasing TCE concentrations are also noted in the 
controls.  It is noted that PCE and TCE was initially present in a much lower 
concentration than CT. 
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Figure 13:  PCE Concentration Versus Time for ZVI-Clay Treated Columns 
and Control Columns 
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Figure 14: TCE Concentration Versus Time for ZVI-Clay Treated Columns 
and Control Columns 

 
Total Parent Compounds (CT, CF, PCE, TCE) 
A useful “big picture” approach to treatment effectiveness can be achieved 
through looking at the total mass of parent compounds remaining.  For this study, 
total parent compounds refer to the sum of the mass concentrations of primary 
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initial contaminants (i.e, CT, CF, PCE, and TCE) in a soil sample.  This 
parameter is used in following sections for comparison of various treatments. 
 
A plot of total parent compounds versus time is shown in Figure 15.  Using 1% 
iron, total parent compounds are reduced from 303 mg/kg immediately after 
mixing to 7.8 mg/kg after 56 days, a reduction of 97.4%.  Using 3% iron, total 
parent compounds are reduced from 390 mg/kg to a final value of 4.7 mg/kg, a 
reduction of 98.7%.   
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Figure 15: Total Parent Compounds (CT, CF, PCE, and TCE) Versus Time 
for ZVI-Clay Treated Columns and Control Columns 

 
 

5.2.2. Addition of Acid 
Acid was added to two of the columns to test the hypothesis that it would 
accelerate iron corrosion, thus enhance treatment.  pH can also affect the 
reaction pathway, possibly favoring a pathway that would bypass DCM formation.  
From this, addition of acid was evaluated for its ability to enhance treatment via 
either (a) increased reaction rates or (b) reduced DCM formation.   
 
A 37% hydrochloric acid (HCl) solution was selected for this study primarily 
because of its cost and availability on an industrial scale.  An amount of acid was 
selected that would lower the soil pH approximately two pH units.  To determine 
the volume of acid required, the HCl solution was added incrementally to a 
known mass of soil and the subsequent pH measured.  From this, the required 
acid addition was found to be 0.6 mL of 37% HCl solution per kg of wet soil.   
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Addition of acid was found to thin the grout ZVI-Clay grout mixture such that iron 
particles were not kept in suspension (which would cause great difficulties in 
achieving a uniform iron distribution).  As a remedy, additional bentonite was 
added to the grout.  Suspension of the iron required increasing the bentonite load 
to 1.67% bentonite. 
 
Figure 16 shows the total parent compounds for ZVI-Clay treatments with or 
without acid addition.  In ZVI-Clay columns containing 1% iron with acid addition, 
total parent compounds were reduced to 4.1 mg/kg (versus 7.8 mg/kg without 
acid).  In the column containing 3% iron with acid, total parent compounds were 
reduced to 4.1 mg/kg (versus 4.7 mg/kg without acid).  As such, no dramatic 
improvement is apparent. 
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Figure 16: Comparison of Total Parent Compounds Concentrations for 
Columns with and without Acid Addition 

 
Previous studies (e.g., Tamara and Butler 2004) have shown that system pH can 
affect the reaction pathway; in theory, pH control could provide means to limit 
DCM production.  As such, the addition of acid was evaluated for its ability to limit 
DCM yield in treated site soils.  A plot of DCM concentration versus time for 
sample containing 1% and 3% iron, with and without acid, is shown in Figure 17.  
In ZVI-Clay columns containing 1% iron with acid addition, DCM formation 
peaked at 116 mg/kg (versus 131 mg/kg without acid).  In the column containing 
3% iron with acid, DCM formation peaked at 111 mg/kg (versus 93 mg/kg without 
acid).  These results indicate no improvement in DCM yield from addition of acid.  
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Figure 17: DCM Results with Acid Addition 

 
5.2.3. Addition of Cement 

The primary benefit of cement addition is improved soil strength after treatment.  
A concern is that cement would inhibit the reaction, spoiling the effectiveness of 
iron in decreasing contaminant concentrations.  Use of cement was evaluated 
through inclusion of cement in three columns.   
 
Figure 18 shows total parent compounds versus time for five columns: 3 with 
cement added and 2 without cement.  In columns containing 1% iron, total parent 
compounds were reduced to 7.8 mg/kg (a reduction of 97.4%) with no cement 
added, 66.9 mg/kg (87%) with 0.5% cement added, and 107 mg/kg (78%) with 
5% cement added.  In ZVI-Clay columns containing 3% iron, total parent 
compounds were reduced to 4.7 mg/kg (98.7%) with no cement and 131 mg/kg 
(70%) with 5% cement.  Addition of 5% cement significantly inhibited the rate of 
reaction.  Addition of 0.5% cement holds more promise, but treatment still lags 
behind treatment with no cement added.  The 0.5% cement column was not 
included in the original scope of work, but was added later by CSU (at no 
additional expense). 
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Figure 18: Total Parent Compounds Concentration with Cement Addition 
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5.2.4. EZVI Results 

EZVI results for CT, CF, DCM, PCE, TCE, and total parent compounds are 
discussed in this section.  As shown in the following data, addition of clay 
generally improved results in EZVI columns.  A possible reason is that the clay 
stabilized the emulsion.  Also, addition of bentonite clay is thought to enhance 
the overall reactivity of the iron in the system. 
 
Carbon Tetrachloride 
Figure 19 presents CT concentrations in EZVI columns.  The column containing 
0.75% iron with clay added achieved the best results, with a final CT 
concentration of 0.02 mg/kg, a reduction of 99.9%.  EZVI columns containing 
0.75% iron (without clay) and 1.5% indicated 56-day CT concentrations of 9.5 
mg/kg and 9.7 mg/kg, respectively, a reduction of ~95%.   
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Figure 19:  CT Concentrations versus Time for EZVI Columns 

 
 
Chloroform 
CF concentrations for EZVI columns are shown in Figure 20.  As with CT, the 
best treatment was achieved in the column containing 0.75% iron with clay with a 
final concentration of 39 mg/kg.  EZVI columns containing 0.75% iron (without 
clay) and 1.5% iron indicated 56-day CF concentrations of 88 mg/kg and 87 
mg/kg, respectively.  In the EZVI column containing 0.15% iron, 154 mg/kg CF 
remained. 
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Figure 20:  CF Concentration versus Time for EZVI Columns 

 
Dichloromethane 
DCM can be formed via degradation of CT and CF.  Measured DCM 
concentrations for EZVI columns are presented in Figure 21.  DCM was not 
detected in any EZVI columns prior to 28 days.  In the EZVI column containing 
0.15% iron, DCM was not detected at any time.   
 
In EZVI columns, DCM yields could be affected by inclusion of vegetable oil, 
either through reduced formation or subsequent biologically-mediated reduction 
(using vegetable oil as a carbon source).  As shown above in Figure 19 and 
Figure 20, a substantial portion of the initial CT and CF remains in EZVI columns 
after the 56-day study.  In the column containing 0.75% iron with clay, DCM 
formation reached 46 mg/kg.  In the columns containing 0.75% iron (without clay) 
and 1.5% iron, DCM levels reached 17 mg/kg and 15 mg/kg, respectively.  From 
(a) the contaminant mass that remains tied up as CT and CF, and (b) DCM levels 
increasing through the end of the study as shown in Figure 21, it seems that 
DCM concentrations did not reach peak levels in EZVI columns during the study.  
As such, continued accumulation and/or treatment of DCM would be possible, 
given more time. 
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Figure 21: DCM Concentration versus Time in EZVI Columns   

 
 
PCE and TCE 
Concentrations for PCE and TCE versus time for EZVI columns are shown in 
Figure 22 and Figure 23, respectively.  In the EZVI column containing 0.15% 
iron, the PCE and TCE concentrations both decrease by ~20% from 0 to 3 days 
and then remain stable for the remainder of the study.  It is noted that the time 0 
sample was collected through the top of the column and subsequent samples 
were collected through sampling ports.  Differing sample collection methods 
might account for the apparent decrease.    
 
In the EZVI column containing 0.75% iron with clay, PCE and TCE are reduced 
to 2.9 mg/kg and 0.27 mg/kg, respectively.  In the EZVI column containing 0.75% 
iron without clay, PCE and TCE reach 56-day concentrations of 2.6 mg/kg and 
0.36 mg/kg, respectively.  Treatment using 1.5% iron reduced PCE to 2.0 mg/kg 
and TCE to 0.28 mg/kg.   
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Figure 22:  PCE Concentrations versus Time for EZVI Columns 
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Figure 23: TCE Concentrations versus Time for EZVI Columns 

  
Total Parent Compounds (CT, CF, PCE, TCE) 
A plot of the total parent compounds concentrations (CT, CF, PCE, and TCE) 
versus time for EZVI columns is shown in Figure 24.  In the EZVI column 
containing 0.75% iron with clay added, total parent compounds reached a 56-day 
level of 42 mg/kg (a reduction of 86%).  The EZVI column containing 0.75% iron 
(without clay) reduced total parent compounds to 119 mg/kg (a 59% reduction).  
Total parent compounds were reduced to 99 mg/kg (77% reduction) in the EZVI 
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column with 1.5% iron.  The EZVI column with 0.15% iron reduced total parent 
compounds to 226 mg/kg, a reduction of 53%.  From this, the most promising 
results were achieved in the EZVI column containing 0.75% iron with clay added.   
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Figure 24: Total Parent Compound (CT, CF, PCE, and TCE) Concentrations 
versus Time for EZVI Columns 

 
 
Results Comparison for EZVI and ZVI-Clay 
The following shows a comparison of results for EZVI and ZVI-Clay columns.  
The ZVI-Clay column used in the comparison contains 1% iron.  This column was 
selected due to the similar iron content to EZVI columns.  Comparisons are 
shown for CF, CF, DCM, and total parent compounds. 
 
Figure 25 shows CT concentrations for all EZVI columns and the ZVI-Clay 
column containing 1% iron.  The EZVI column containing 0.75% iron with clay 
achieves a lower final CT concentration (0.02 mg/kg) than the ZVI-Clay column 
with 1% iron (0.08 mg/kg), although the results are of similar magnitude.  After 56 
days, EZVI columns containing 0.75% iron (without clay) and 1.5% iron contain 
9.5 mg/kg and 9.7 mg/kg of CT, respectively.  From this, CT data indicates the 
most promising treatments to be ZVI-Clay and EZVI with clay added. 
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Figure 25: CT Concentrations versus Time in ZVI-Clay and EZVI Columns 

 
Figure 26 shows a comparison of CF data in the ZVI-Clay column with 1% iron 
and EZVI columns.  ZVI-Clay with 1% iron reduced CF to 0.94 mg/kg.  The best 
performing EZVI column, 0.75% iron with clay, reduced CF to 39.2 mg/kg in 56 
days.   
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Figure 26: CF Concentrations versus Time in ZVI-Clay and EZVI Columns 
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Figure 27 shows a comparison of DCM data for the ZVI-Clay column with 1% 
iron and EZVI columns.  DCM levels in EZVI columns are clearly lower than in 
the ZVI-Clay column.  However, from Figure 25 and Figure 26, much of initial CT 
and/or CF remains in EZVI columns.  Recalling that DCM is formed from 
degradation of CT and CF, additional accumulation and/or degradation of DCM in 
EZVI columns is possible as the preceding reaction continue. 
 
In the ZVI-Clay column an apparent peak of DCM has been reached at 28 days.  
This is apparent in the negative slope from the 28-day to the 56-day data point.  
Very little CT and CF mass remains in this column after 56 days.  Continued 
monitoring would be beneficial to determine how long and to what extent 
apparent degradation of DCM will continue after ZVI-Clay treatment. 
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Figure 27: DCM Concentration versus Time in ZVI-Clay and EZVI Columns 

 
Figure 28 shows total parent compounds for EZVI columns compared to the 1% 
ZVI-Clay column.  For EZVI columns, similar results were achieved for EZVI 
columns containing 0.75% iron (without clay) and 1.5% iron.  Clay was added to 
one EZVI column (containing 0.75% iron); clay addition improved treatment 
results slightly over columns without clay.  Overall, ZVI-Clay achieved better 
results than EZVI for total parent compound reduction. 
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Figure 28: Total Parent Compounds Concentrations in ZVI-Clay and EZVI 
Treated Columns 

 
5.2.5. Reaction Kinetics 

A useful method for comparison of different treatments is the half-life.  Half-lives 
allow for comparison of relative degradation rates using a single number.  As 
such, half-lives provide a means for easier comparison of different treatments for 
their ability to degrade certain contaminants.  Half-lives can also be extrapolated 
to provide a rough prediction of performance over time.   
 
Contaminant half-lives were estimated using pseudo-first order assumptions.  For 
the present system, parent compounds including CT, PCE, and TCE are not 
formed as daughter products in large quantity.  CF and DCM are formed as 
daughter products from degradation of CT.  For the CT/CF/DCM reaction 
network, a model developed by Eykholt (1999) was used to generate half-lives.  
Model output is included in Appendix D.  A summary of half-lives for primary 
contaminants for each column is shown in Table 7. 
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Table 7: Contaminant Half-Lives (Days) for Each Treatment. 

Column 
No. Treatment CT CF DCM PCE TCE 

1 Control 1 10.3 - - 51 31
2 Control 2 24.1 - - 107 44
3 1% Fe 0.3 6 294 24 19
4 1% Fe (5% Cement) 5.2 26 - 206 58
5 1% Fe (Acid) 0.8 8 152 47 25
6 3% Fe 0.3 5 235 46 19
7 3% Fe (5% Cement) 5.8 29 - 160 54
8 3% Fe (Acid) 0.4 5 76 35 19
9 0.15% Fe (EZVI) 4.0 40 - 26 31
10 0.75% Fe (EZVI) 13.1 26 - 40 38
11 1.5% Fe (EZVI) 12.0 24 - 24 31
12 0.75% Fe (EZVI & clay) 4.3 43 - 48 47
13 1% Fe (0.5% Cement) 4.0 20 - 38 24

 
For the most promising treatments, CT half-lives are about 0.3 days.  
Extrapolating these results, CT concentrations would be reduced by 99% in 
about 48 hours.  PCE and TCE half-lives are on the order of 20-30 days.  At this 
rate, 99% removal would be achieved in 5-7 months.  DCM half-lives presented 
are rough numbers based on slight concentration decreases observed in the 56-
day study.  As such, predicting long-term degradation based on the results 
shown is not done here. 
 

5.2.6. Chloride Formation 
Reductive dechlorination results in formation of Cl-.  Chloride was monitored to 
provide verification that reductive dechlorination is indeed occurring.  Results are 
presented in Figure 29.   
 
In treated columns, chloride concentrations did increase over time.  In control 
columns, relatively stable chloride levels were measured.  As such, it appears 
that removal of target compounds was due to reductive dechlorination processes.  
It is noted that higher background levels of Cl- were noted in acid-added columns 
(i.e., columns nos. 5, 8, and 9-12) due to addition of HCl.   
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Figure 29: Chloride Concentrations for ZVI-Clay Treated Columns 

 
 

5.2.7. Iron Content 
Iron content was measured at the conclusion of the batch reactor study.  
Samples were pulled from columns for iron analysis on December 19, 2006, 
approximately 150 days after column mixing.  Measured iron concentrations are 
shown in Table 8.  These values represent a snapshot of iron remaining at the 
end of the experiment.   
 
Measured iron recovery was lower than expected, generally 10-25% of initial iron 
added.  Iron recovery was particularly low in EZVI columns.  The BASF iron 
powder used in formulating the EZVI was much finer than the granular Peerless 
iron used in ZVI-Clay columns.  Possible causes for poor iron separation from 
EZVI columns include: (1) fine iron powder bound up in the soil matrix, (2) dust 
washing away with clay materials during sample preparation, and (3) 
oxidation/passivation of the iron particle surface.    Due to the greater specific 
surface area associated with smaller particle sizes, passivation of the particle 
surface would affect a greater portion of the iron mass.  Also, addition of acid to 
EZVI columns would accelerate corrosion of iron.  As such, little magnetic iron 
might have remained at the conclusion of the study.   
  
Iron content in acid-added ZVI-Clay columns (e.g., nos. 5 and 8) was lower than 
corresponding columns containing no acid.  This indicates more rapid corrosion 
of iron.   
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Table 8: Iron Remaining at End of Experiment. 

Column 
ID Treatment Initial iron 

content 
Final iron 
content 

1 Control (no clay) none 0.023% 
2 Control (with clay) none 0.040% 
3 1% Peerless 1% 0.28% 
4 1% Peerless (5% cement) 1% 0.17% 
5 1% Peerless (acid) 1% 0.13% 
6 3% Peerless iron 3% 0.83% 
7 3% Peerless (5% cement) 3% 0.69% 
8 3% Peerless (acid) 3% 0.36% 
9 EZVI, 0.15% iron 0.15% 0.29% 

10 EZVI, 0.75% iron 0.75% 0.032% 
11 EZVI, 1.5% iron 1.5% 0.0049% 
12 EZVI, 0.75% iron (clay) 0.75% 0.016% 
13 1% Peerless (0.5% cement) 1% 0.87% 

 
 

5.2.8. QA/QC 
Quality analysis/quality control (QA/QC) included collection of duplicate samples, 
collected at an approximate frequency of 10%.  Appendix E shows a comparison 
of results from samples collected and their respective duplicates.  In general, 
good correlation was found between samples and their duplicates.   
Discrepancies of greater than 50% are highlighted in Appendix E. 
 
5.3 Gas Generation 
Phase 1 
The quantity of gas generated from several reactive systems was evaluated.  
Variables included clay amount (1% and 5%), clay type (kaolin and bentonite), 
and inclusion of 5% cement.  With the exception of a no-iron control, all samples 
contained 2% Peerless iron.  The volume of gas generated from each treatment 
is presented in Figure 31.  After the 27-day study was concluded, soil 
concentrations for CT and CF were measured.  Concentration results are shown 
in Figure 32.  The results are intended for qualitative comparison only. 
 
In general, bentonite-treated systems generated more gas than kaolin-treated 
systems.  The volume of gas reached the upper detection limits of the test in 
systems containing 1% and 5% bentonite clay (without cement).  However, in 
bentonite-based systems, CT and CF were reduced to detection limits.  In kaolin-
based systems, some CT and CF remained at the end of the study.  From this, it 
appears that bentonite clay facilitates faster contaminant degradation than kaolin.  
Where cement was added, a significant amount of CT remained at the end of the 
study.    Comparable gas generation was achieved using kaolin or bentonite 
clays with cement.  The results of this study were a factor in selection of 
bentonite clay for the batch study. 
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Figure 31: Phase 1 Gas Generation Study Results  
Note: All samples contained 2% iron unless otherwise indicated. 
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Figure 32: Post-Study Soil Concentrations for Samples Treated with Kaolin 
(K) or Bentonite (B) Clays 

 
Phase 2 
Gas that evolved during the batch reactor study was captured and analyzed for 
select compounds.  The estimated volume of evolved gas is shown in Table 9.  
Gas samples from select columns were combined into composite samples.  Two 
composite samples were analyzed:  

• Sample 1 came from ZVI-Clay treated columns (column nos. 3 and 6, 
shown below in yellow), and  

• Sample 2 came from EZVI-treated columns (column nos. 9 through 12, 
shown below in red).   

A summary of analytical results is presented in Table 10.  Complete results are 
presented in Appendix F. 
 
The presence of nitrogen in the samples indicates contamination by atmospheric 
air.  Some air was likely introduced into the system during sampling, when the 
plugs were removed from the sampling ports.  In addition, a quality control issue 
was noted in the final report from the laboratory.  In Sample 1 (ZVI-Clay 
columns), analysis for fixed gases and CVOCs were “potentially biased due to 
compromised sample integrity.”  In particular, atmospheric air entered the Tedlar 
bag, diluting the sample.  Contamination by atmospheric air is reflected in the 
results by elevated nitrogen levels and reduced levels of other compounds.  
However, the results seem to be sufficient for a qualitative comparison, thus 
meeting the objectives of this study. 
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Table 9: Estimated Gas Volumes 

Column 
ID 

Iron 
Amount

 Other 
Treatment 

Estimated Gas 
Volume (mL) 

IH-1 - Control 1 50 

IH-2 - Control 2 0 

IH-3 1% -- 400 

IH-4 1% 5% cement 50 

IH-5 1% Acid 400 

IH-6 3% -- 1000 

IH-7 3% 5% cement 50 

IH-8 3% Acid 750 

IH-9 0.15% 0.15% Fe 50 

IH-10 0.75% 0.75% Fe 5 

IH-11 1.50% 1.5% Fe 50 

IH-12 0.75% Clay with 0.75% 
Fe 300 

IH-13 1% 0.5% cem 50 
Notes: Sample 1 shown in yellow; sample 2 in red. 

 
 

Table 10: Gas Composition Analytical Results. 

Analysis Units Analyte Sample 1(1) 

Results 
Sample 2(1) 

Results 

Hydrogen % H2 92.8 43.6 
C1-C6 ppmv Methane 10,200 16,600 

Fixed Gases % N2  
(2) 34.7 18.6 

DCM 45,400 12,800 
CF 27,000 19,700 
CT 8,110 10,600 

TCE < 1000 < 1250 
CVOCs ppbv 

PCE < 1000 < 1250 
Notes: 
(1) – Sample 1: ZVI-Clay columns; Sample 2: EZVI Columns 
(2) – Presence of nitrogen indicates intrusion by atmospheric air.  This was likely 
the result of (a) air intrusion into the columns during sampling and (b) for Sample 1 
only, a quality control issue that was noted by the laboratory. 
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Conclusions from the gas generation study are described below. 
1. The primary component of generated gas is hydrogen.  Hydrogen gas 

forms via corrosion of iron; as such, formation of hydrogen gas is likely to 
coincide with effective treatment.  

2. CVOCs are present on the order of 10,000 parts per billion (ppb).   
3. Methane is formed from complete mineralization of chlorinated 

compounds.  Methane was detected on the order of 10,000 parts per 
million (ppm). 

 
Handling of vapors and gasses generated during and after soil mixing should be 
considered in development of the implementation plan.     
 
5.4 Hydraulic Conductivity and Compressive Strength 
Soil samples from select columns were evaluated for geotechnical parameters 
including hydraulic conductivity and compressive strength.  Results are 
presented below. 
 
An important aspect of ZVI-Clay treatment is the reduction in hydraulic 
conductivity.  Relevant treatment benefits include (1) reduced contaminant mass 
washing out of source zone and feeding a downstream plume, (2) increased 
residence time for the degradation reaction to go to completion, and (3) reduced 
inflow of competing oxidative agents that may non-beneficially consume iron.   
 
Using a falling-head apparatus, the hydraulic conductivity is calculated as: 

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
Δ

=
th

h
tA

LaK 0ln  

Where K (cm/sec) is the hydraulic conductivity, a (cm2) is the reservoir area, L 
(cm) is the sample length in the direction of flow, A (cm2) is the sample 
cross-sectional area, Δt is the elapsed time, and ht and h0 are the water pressure 
head differentials measure at time t and time 0, respectively. 
 
Three columns were selected for hydraulic conductivity measurement.  Measured 
soil hydraulic conductivity (K) values are presented in Table 11.  The measured K 
values are not substantially different.  However, these values are somewhat 
higher than expected.  This is likely due in part to the low overburden and 
undrained conditions within the reactor columns.  This is discussed in more detail 
below.   
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Table 11: Measured Hydraulic Conductivity (K) Values 

Column 
ID Treatment K (cm/sec) 

3 1% Fe 2.52 x 10-5 

12 EZVI  
(0.75% Fe with clay) 3.38 x 10-5 

13 1% Fe  
(0.5% cement) 2.52 x 10-5 

  
 
Unconfined compressive strength analysis was conducted for 6 samples.  Two of 
the samples – Columns 1 (control) and 13 (1% iron with 0.5% cement) – slumped 
under their own weight and were therefore not measured.  Stress versus strain 
curves using data recorded during measurement of soil compressive strength are 
shown in Figure 33.   Soil compressive strength is reported as the stress applied 
at failure.  However, failure (indicated by peak stress values) was not achieved in 
any of the soil samples obtained from the batch reactor study.  High stress 
values were not noted in any of the samples, even at relatively high strains.  This 
indicates that high soil strength was not achieved in the columns.  The failure of 
the sample containing 0.5% cement under its own weight, and the relatively low 
strength (values approaching 3 psi) of the sample containing 5% cement, seem 
to indicate that cement curing conditions were inadequate.  Possible causes 
include (1) uncompacted specimens resulting in an unrealistic water content, (2) 
inadequate distribution of cement, or (3) chemical interference with cement 
curing.   
 
In field applications, disturbing of the soil matrix during mixing can decrease soil 
strength.  That being said, it is thought that the low unconfined compressive 
strength of soils from these laboratory columns is not representative of what 
would be achieved in the field.  To validate this hypothesis, select samples were 
re-compacted at controlled water content values and the soil strength re-
measured.  Results of this test are shown in Figure 34.  Samples prepared for 
follow-up soil strength testing include ZVI-Clay columns containing 1% each of 
iron and clay with the following: 5% cement, 5% cement with excess water, and 
no cement.   
 
Follow-up testing confirmed that water content played some role in the small 
unconfined compressive strength values in samples collected from the laboratory 
columns.  The measured unconfined compressive strength for the samples 
containing 5% cement with controlled water contents was more reasonable.   
 
A summary of all samples prepared for soil compressive strength measurement 
and testing results is included in Table 12.   
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Figure 33: Stress versus Strain Curves for Initial Unconfined Compressive 
Strength Testing 

Note: Columns 1 (Control) and 13 (1% iron, 0.5% cement), slumped under their own 
weight and were therefore not measured. 

 

0

5

10

15

20

25

30

35

40

45

0.0% 2.0% 4.0% 6.0% 8.0% 10.0% 12.0%

Strain (%)

St
re

ss
 (p

si
)

1% Fe, 5% cement

1% Fe, 5% cement,
excess water
1% Fe

 
Figure 34: Stress versus Strain Curve for Follow-up Unconfined 
Compressive Strength Testing 
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Table 12: Unconfined Compressive Strength Results Summary 

Sample Iron 
(%) 

Clay 
(%) 

Cement 
(%) Other 

Water 
content 

(g/g) 

Unconfined 
Compressive 
Strength (psi) 

Column 1 - 1 - - 1.04 * 
Column 3 1 1 - - 0.42 * 
Column 4 1 1 5 - 0.48 * 
Column 5 1 1 - Acid 0.29 * 

Column 12 1 1 - EZVI 0.37 * 
Column 13 1 1 0.5 - 0.39 * 

X 1 1 1 5 - 0.17 39 

X 2 1 1 5 Excess 
water 0.28 14 

X 3 1 1 - - 0.18 6 
* Unconfined Compressive Strength value not reported as sample failure 
was not achieved during testing. 

 
 
Both hydraulic conductivity and compressive strength were measured using 
treated soils from batch reactors after completion of the study.  Through this 
study, it was found that conditions in the batch reactors are not ideal for these 
analyses.  Problems with this approach include (1) soil disturbance caused by 
removal of soil cores during sampling, (2) low overburden pressure in the 
columns and (3) undrained conditions resulting in high water content.  The 
combination of low overburden and no drainage might result in high water 
content in treated soils.  This would account for high hydraulic conductivity and 
low soil strength.  Samples prepared specifically for unconfined compressive 
strength analysis provided more reasonable results.  In the future, columns 
should be prepared specifically for these geotechnical analyses.  Conditions such 
as overburden and drainage could be controlled to optimize water content prior to 
testing. 
 
5.5 Pore Water Metals analysis 
The Work Plan (2006) stated that effluent water from the hydraulic conductivity 
analysis would be captured and analyzed for pore metals.  However, due to the 
difficulty in verifying that this water did in fact come from the soil matrix, this 
method was not used.  Instead, a sample of saturated soil was centrifuged for 5 
minutes at 3000 rpm.  Water removed from the soil matrix was preserved in 
HNO3.  Analysis was conducted by Huffman Laboratories, Golden, Colorado. 
 
Pore water samples were analyzed for arsenic, iron, manganese, and vanadium.  
Laboratory results are reported in units of μg/g.  Assuming a solution specific 
gravity of 1.0, this is equivalent to units of mg/L.  Results are shown in Table 13.  
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Arsenic and vanadium were non-detect in all samples.  Iron concentrations 
ranged from 0.6 to 1,360 μg/g.  Manganese concentrations ranged from 0.2 to 48 
μg/g.  For both iron and manganese, highest concentrations were detected in 
acid-added columns; lowest concentrations were detected in the cement added 
column.  These results are possibly the result of pH conditions.  It is noted that 
elevated iron was detected even in the control column (IH-1), to which no iron 
was added for treatment. 
 
 

Table 13: Pore Water Metals Results 

Sample Treatment Arsenic 
(μg/g) 

Iron 
(μg/g) 

Manganese 
(μg/g) 

Vanadium 
(μg/g) 

IH-1 Control <0.1 123 5.4 <0.1 
IH-3 1% Fe <0.1 504 20 <0.1 
IH-5 1% Fe, acid <0.1 1340 48 <0.1 

IH-12 EZVI, 0.75% Fe, 
clay <0.1 1360 27 <0.1 

IH-13 1% Fe, 0.5% 
cement <0.1 0.6 0.2 <0.1 



6.0 Grout Formulation 
Assuming a ZVI-Clay approach is selected, the ZVI-Clay grout mixture will be 
delivered and blended into the contaminated soil with the soil-mixing tool.  With 
the data presented in this report, it is possible to develop a preliminary grout 
mixture “recipe” for ZVI-Clay treatment of the contaminated soil.  The following 
calculations are intended only as a general guide for screening purposes 
only.  Prior to field implementation, a rigorous analysis of required 
quantities should be conducted. 
 
For the lab study, the mass ratio of bentonite to water was about 7%.  Assuming 
1% bentonite clay and 2% granular iron, the mass proportions of the grout are as 
follows: 

• Bentonite / water: 7% 
• ZVI / water: 14% 

At these proportions, the ZVI-clay grout mixture density is approximately 72 
lbs/ft3.  With this formulation, the grout should contain 0.6 lb of bentonite and 1.3 
lb of iron per gallon of water. 
 
The following calculations assume an in situ wet soil density of 115 lb/ft3 and soil 
moisture content of 24% (per results presented in Table 6).  From this, the in situ 
density of dry soil is 93 lb/ft3.  As such, application using 1% bentonite clay and 
2% iron would require approximately 45 gallons of ZVI-Clay grout mixture per 
cubic yard of soil.  Calculations are shown in Appendix G. 
 
The addition of the ZVI-Clay grout mixture will increase the volume of the treated 
soil by about 15 to 20%.  Water added in the grout is the primary contributor to 
increasing the volume of the treated soil.   As such, the contractor should be 
required to minimize water usage in grout preparation. 
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APPENDIX A: LOGGED SOIL DATA 

A-1 

Core 
ID 

top 
(ft) 

bot. 
(ft) 

Soil Mass 
(g) 

Length 
(cm) 

Density 
(g/mL) Media Grain Size Color OVA1 Comments 

BT01 6 8 1485 58 1.85 sand fine iron stained orange 0.5 n/a 
BT01 8 10 1601 58 1.99 sand fine grey with iron stains 1 n/a 
BT01 10 12 1603 60 1.93 sand fine grey 0.9 2in.brown silt layer, iron stains lower half 
BT01 14 16 1549 58 1.93 sand fine grey 1.1 w/ 4in.dark brown silt layer, (SB08?) 
                      

BT02 10 12 1681 60 2.02 sand fine grey with iron stains 10 to 30 
Positive Sudan IV- LNAPL? - minor oily intervals, no 
fluorescense 

BT02 12 14 912 33 1.99 sand fine grey 1.5 n/a 
BT02 14 16 1664 59 2.04 sand fine grey 0.8 2 in.layer of fine sand w/grey silt 
                      
BT03 6 8 1442 58 1.79 sand fine iron stained orange 1.3 n/a 
BT03 8 10 1046 43 1.76 sand fine iron stained orange 1 w/ 1in.brown silt layer at end 

BT03 10 12 1552 59 1.90 sand 
fine sand 

w/silt grey to brown 0.8 grey sand w/ brown silt 
                      
BT04 6 8 1517 58 1.89 sand fine iron stained orange 1 n/a 
BT04 8 10 724 29 1.80 sand fine iron stained orange 0.9 w/ 6in.brown silt layer 
BT04 10 12 1565 58 1.95 sand fine grey 1 w/ 8in.brown silt layer 
                      
BT05 8 10 872 35 1.80 sand fine grey NM w/ 4in.brown silt layer 
BT05 10 12 1583 59 1.94 sand fine grey 1 w/ 3in.brown silt layer 
                      
BT05B 6 8 1512 59 1.85 sand fine iron stained orange 0.8 n/a 
BT05B 6 8 1532 58 1.91 sand fine iron stained orange 0.9 n/a 
BT05B 8 10 876 35 1.81 sand fine grey 0.9 w/ 3in.brown silt layer 
BT05B 10 12 1590 59 1.94 sand fine grey 0.7 w/ 2 inch brown silt layer 
                      

BT06 6 8 1531 57 1.94 sand fine 
grey with slight iron 

stains 0.8 w /2 in. brown silt layer at end 
BT06 8 10 777 33 1.70 sand fine grey 0.7 w/ 2 inch brown silt layer 
BT06 14 16 1642 57 2.08 sand fine grey 0.9 w/ 1in.greyish-brown silt layer 
                      
BT07 4 6 847 33 1.85 sand fine grey 0.9 n/a 
BT07 6 8 1547 58 1.93 sand fine grey with iron stains 0.5 w/ 2 inch brown silt layer 



APPENDIX A: LOGGED SOIL DATA 

A-2 

 
Core 

ID 
top 
(ft) 

bot. 
(ft) 

Soil Mass 
(g) 

Length 
(cm) 

Density 
(g/mL) Media Grain Size Color OVA1 Comments 

BT07 8 10 923 34 1.96 sand fine grey 0.9 w/ 1in.grey silty sand layer at end 
BT07 10 12 1646 58 2.05 sand fine grey 0.8 n/a 
                      
BT07B 4 6 800 31 1.86 sand fine grey 0.9 n/a 
BT07B 6 8 1547 58 1.93 sand fine grey with iron stains 0.9 w/ 4in.brown silt layer 
BT07B 8 10 787 32 1.78 sand fine grey 0.9 w/ 4in.brown silt layer at end 
BT07B 12 14 974 38 1.85 sand fine grey 0.9 n/a 
BT07B 14 16 1617 58 2.01 sand fine grey 0.8 w/ 1 inch brown silt layer at end 
BT07B 16 18 1191 58 1.48 silt silt brown 0.9 w/ vertical & horiz.joints 
BT07B 18 20 1456 58 1.81 clay clay w/silt brown 0.5 Vertical Root 
                      
BT08 4 6 1230 59 1.50 sand fine grey with iron stains 1 n/a 
BT08 6 8 1532 59 1.87 sand fine grey with iron stains 1 to 12 w/ 2 inch brown silt layer 
BT08 8 10 977 37 1.91 sand fine grey 1 to 1.3 w/ 3in.brown silt layer 
BT08 10 12 1575 57 1.99 sand fine grey 1 n/a 
BT08 16 18 820 36 1.64 silt silt brown 1 w/ 1in.grey sand layer 
BT08 18 20 1492 58 1.86 silt silt brown to grey 1 n/a 
                      
BT09 4 6 1548 58 1.93 sand fine grey 1.2 6in.brown silt layer at end, 12 in.iron stain 
BT09 6 8 1627 59 1.99 sand fine grey 1 to 2 w/ 2in.brown silt layer 
BT09 8 10 1090 42 1.87 sand fine grey  0.6 n/a 
BT09 10 12 1610 59 1.97 sand fine grey 1.1 n/a 
BT09 12 14 696 26 1.93 sand fine grey 1 n/a 
BT09 14 16 1366 58 1.70 silt silt brown 0.8 one foot of BT09 sample 
BT09 14 16 1366 58 1.70 sand fine grey 0.8 one foot of BT09 sample 
BT09 16 18 988 40 1.78 silt silt brown 0.9 w/ 2in.grey sand layer 

BT09 18 20 1509 58 1.88 sand 
fine sand 

w/silt grey 1 w/ 8in.brown silt layer at end w/vert.&horiz.joints 

BT09 20 22 1273 51 1.80 sand 
fine sand 

w/silt grey 1.1 n/a 
                      
BT10 2 4 1577 60 1.90 sand fine grey with iron stains 1.1 n/a 



APPENDIX A: LOGGED SOIL DATA 

A-3 

 
Core 

ID 
top 
(ft) 

bot. 
(ft) 

Soil Mass 
(g) 

Length 
(cm) 

Density 
(g/mL) Media Grain Size Color OVA1 Comments 

BT10 4 6 1572 59 1.92 sand fine grey with iron stains 1.2 to 3.7 w/ 6in.brown silt layer 
BT10 6 8 1668 60 2.01 sand fine grey 1.1 to 3 w/ 2in. Brown silt layer, higher OVA in silt 
BT10 8 10 812 32 1.83 sand fine grey 1.1 n/a 
BT10 10 12 1621 59 1.98 sand fine grey 1.1 n/a 
BT10 12 14   20 0.00 sand fine grey NM n/a 
BT10 14 16 1413 58 1.76 sand fine grey 1.2 1/2 of sample, 12 in. 
BT10 14 16 1413 58 1.76 silt silt dark brown 1.2 1/2 of sample, 12 in. 
BT10 16 18 1447 56 1.86 silt silt brown 1.1 n/a 

BT10 18 20 1598 59 1.95 sand 
fine sand 

w/silt grey 1.2 n/a 

BT10 20 22 1459 58 1.82 sand 
fine sand 

w/silt grey 1.2 n/a 
                      
BT11 6 8 1584 59 1.94 sand fine grey with iron stains 1.2 w/ 1 inch brown silt layer  

BT11 8 10 992 36 1.99 sand 
fine sand 

w/silt grey 1.1 n/a 
BT11 10 12 1589 59 1.94 sand fine grey 1.2 n/a 
BT11 12 14 867 32 1.96 sand fine grey w iron stains 1.1 n/a 
BT11 14 16 1577 58 1.96 sand fine grey with iron stains 1.1 n/a 
BT11 16 18 517 21 1.78 sand fine grey NM w/ 1in.brown silt layer, w/organics 
BT11 18 20 1314 57 1.66 silt silt dark brown 1.1 n/a 

BT11 22 24 1545 59 1.89 sand 
fine sand 

w/silt grey 1 n/a 
                      
BT12 6 8 1555 58 1.94 sand fine grey w iron stains 1.1 w/2 in brown silt at end 
BT12 8 10 692 30 1.66 sand fine grey 1.2 w/ 2in.brown silt layer with organic 
BT12 10 12 1545 57 1.96 sand fine grey 1.2 w/ 1in.grey silt layer 
BT12 12 14 708 28 1.83 sand fine  grey with iron stains 1 n/a 
BT12 16 18 385 15 1.85 sand fine grey NM n/a 
BT12 18 20 1356 58 1.69 silt silt brown 1 w/ 3in.grey sand layer 

BT12 20 22 1232 48 1.85 sand 
fine sand 

w/silt grey to brown 1.2   



APPENDIX A: LOGGED SOIL DATA 

A-4 

 
Core 

ID 
top 
(ft) 

bot. 
(ft) 

Soil Mass 
(g) 

Length 
(cm) 

Density 
(g/mL) Media Grain Size Color OVA1 Comments 

BT12 22 24 1574 57 1.99 sand 
fine sand 

w/silt grey 1.1 n/a 
                      
BT13 4 6 794 34 1.69 sand fine grey with iron stains 1 w/ organic 
BT13 6 8 1527 58 1.90 sand fine grey with iron stains 1.2 n/a 
BT13 8 10 860 33 1.88 sand fine grey 1.2 w/ silt layers brown 
BT13 10 12 1642 57 2.08 sand fine grey 1.1-1.5 n/a 
BT13 12 14 772 30 1.86 sand fine grey 1 n/a 
BT13 14 16 1648 59 2.02 sand fine grey with iron stains 1.2 w/ 1in.grey silt 
BT13 16 18 1131 42 1.94 sand fine grey 1.1 n/a 
BT13 18 20 1322 59 1.62 silt silt brown 1 w/ 4in.grey sand layer 

BT13 20 22 1471 58 1.83 sand 
fine sand 

w/silt grey 1.2 n/a 

BT13 22 24 1552 59 1.90 sand 
fine sand 

w/silt grey 1.2 w/ 6in.fine grey sand 

BT13 24 26 1134 44 1.86 sand 
fine sand 

w/silt grey 1 n/a 
BT13 26 28 1514 59 1.85 clay clay   grey 1.2 n/a 
                      
BT14 4 6 951 37 1.86 sand fine tan w/ iron stains 0.6 n/a 
BT14 6 8 1582 58 1.97 sand fine grey w/ iron stains 0.6 n/a 
BT14 8 10 1015 37 1.98 sand fine tan-grey w/ iron stains .2 to .3 w/ 2in.brown silt layer 
BT14 10 12 1623 58 2.02 sand fine grey 0.5 w/2in.brown silt layer 
BT14 12 14 979 40 1.77 sand fine tan-grey w/ iron stains .2 to .3 n/a 
BT14 14 16 1426 57 1.81 sand fine tan-grey w/ iron stains 0.3 n/a 
BT14 18 20 1352 58 1.68 silt silt tan to dark brown 0.5 w/ 4in.grey sand layer at end 
BT14 20 22 1479 59 1.81 silt silt brown to tan 0.3 1/2 of sample, 18 in., w/roots 

BT14 20 22 1479 59 1.81 sand 
fine sand 

w/silt grey 0.3 1/2 of sample, 6in. 

BT14 22 24 1549 57 1.96 sand 
fine sand 

w/silt grey 0.3 1/2 of sample, 12in. 
BT14 22 24 1549 57 1.96 silt silt grey 0.3 1/2 of sample, 12in. 



APPENDIX A: LOGGED SOIL DATA 

A-5 

 
Core 

ID 
top 
(ft) 

bot. 
(ft) 

Soil Mass 
(g) 

Length 
(cm) 

Density 
(g/mL) Media Grain Size Color OVA1 Comments 

                      
BT15 4 6 932 35 1.92 sand fine tan w/ iron stains 0.3 n/a 
BT15 6 8 1513 58 1.88 sand fine grey w/ iron stains .5 to .7 w/ 4in.brown silt layer, 2in.brown silt layer at end 
BT15 8 10 800 30 1.92 sand fine grey .2 to .6 w/ 4in.brown silt layer 
BT15 10 12 1640 58 2.04 sand fine grey 0.3 n/a 
BT15 12 14 778 29 1.94 sand fine grey 0.3 n/a 
BT15 14 16 1542 58 1.92 sand fine grey .2 to .3 w/ 4in.brown silt layer at end 
                      
BT16 4 6 1456 59 1.78 sand fine tan w/ iron stains 0.5 w/ 1in.grey sand layer 
BT16 6 8 1520 59 1.86 sand fine grey .3 to 1.0 w/ 2 in.brown silt layers 
BT16 8 10 804 33 1.76 sand fine grey 0.6 n/a 
BT16 10 12 1561 58 1.94 sand fine grey 0.6 n/a 
BT16 12 14 695 28 1.79 sand fine grey 0.3 n/a 
BT16 14 16 1355 58 1.69 sand fine grey 0.6 1/2 of sample, 12in. 
BT16 14 16 1355 58 1.69 silt silt dark brown 0.6 1/2 of sample, 12in. 
BT16 16 18 696 31 1.62 clay clay brown 0.3 n/a 
                      
BT17 2 4 1487 58 1.85 sand fine tan-grey w/ iron stains 0.5 w/ 4in.brown silt layer, w/organics 
BT17 4 6 1598 58 1.99 sand fine grey to tan .5 to 3.4 w/ 6in.brown silt layer 
BT17 6 8 1634 58 2.03 sand fine grey .5 to 4.5 w/ 2 2in.brown silt layers 
BT17 8 10 1072 40 1.94 sand fine grey 0.5 n/a 
BT17 10 12 1466 58 1.82 sand fine tan to grey   0.5 n/a 
BT17 12 14 295 16 1.33 sand fine grey 0.6 n/a 
BT17 14 16 1450 62 1.69 sand fine grey 0.5 1/2 of sample, 12in. 
BT17 14 16 1450 62 1.69 silt silt brown to dark brown 0.5 1/2 of sample, 12in. 
                      
BT18 4 6 465 18 1.86 sand fine tan w/ iron stains 0.6 n/a 
BT18 6 8 1541 58 1.92 sand fine tan w/ iron stains 0.5 w/ 4in.brown silt layer at end 
BT18 8 10 639 25 1.84 sand fine grey .5 to .8 w/ 3in.brown silt layer 
BT18 10 12 1627 58 2.02 sand fine grey 0.5 w/ 1in.brown silt layer 
BT18 12 14 712 26 1.98 sand fine grey 0.6 n/a 
BT18 14 16 1481 58 1.84 sand fine grey 0.5 w/ 1in.brown silt layer 
BT18 18 20 1343 58 1.67 silt  silt brown to dark brown 0.5 w/ 10in.brown clay layer 



APPENDIX A: LOGGED SOIL DATA 

A-6 

 
Core 

ID 
top 
(ft) 

bot. 
(ft) 

Soil Mass 
(g) 

Length 
(cm) 

Density 
(g/mL) Media Grain Size Color OVA1 Comments 

                      
BT19 4 6 868 37 1.69 sand fine tan w/ iron stains 0.6 n/a 
BT19 8 10 920 36 1.85 sand fine grey 0.6 w/ 3in.brown silt layer 
BT19 10 12 1592 58 1.98 sand fine grey 0.5 n/a 
BT19 12 14 1195 44 1.96 sand fine grey 0.5 n/a 
BT19 14 16 1572 58 1.96 sand fine grey .3 to .5 n/a 
BT19 16 18 1160 59 1.42 silt silt brown to dark brown 0.5 n/a 
BT19 18 20 1447 58 1.80 silt silt brown to dark brown 0.6 n/a 
                      
BT20 4 6 1350 52 1.87 sand fine tan w/ iron stains 0.6 n/a 
BT20 6 8 1526 58 1.90 sand fine grey w/ iron stains .5 to .7 w/ 4in.brown silt layer 
BT20 8 10 949 37 1.85 sand fine grey .5 to .9 w/ 4in.brown silt layer 
BT20 10 12 1595 58 1.99 sand fine grey .3 to 1.0 n/a 
BT20 12 14 1353 50 1.95 sand fine grey 0.5 n/a 
BT20 14 16 1454 58 1.81 sand fine grey 0.5 w/ 8in.brown silt layer 
BT20 16 18 1034 46 1.62 silt silt brown to dark brown 0.6 w/ 3in. Grey sand layer at end 
BT20 18 20 1502 58 1.87 silt silt brown 0.6 6in.fine sand and silt layer with pebbles 
                      
BT21 4 6 1219 59 1.49 sand fine tan-grey w/ iron stains 0.2 w/ 4in.brown silt layer at end 
BT21 6 8 1579 58 1.97 sand fine grey .3 to 1.7 w/ 3in.brown silt layers 
BT21 8 10 1003 39 1.86 sand fine grey 0.2 n/a 
BT21 10 12 1530 58 1.90 sand fine grey 0.3 n/a 
BT21 12 14 1127 43 1.89 sand fine grey 0.3 n/a 
BT21 14 16 1220 58 1.52 silt silt dark brown .3 to .4 w/ 4in.grey sand layer at end 
BT21 16 18 743 36 1.49 silt silt brown 0.3 n/a 
BT21 18 20 1546 58 1.92 sand fine grey .2 to .3 w/ 8in.brown silt layer 
                      
BT22 4 6 1533 55 2.01 sand fine grey w iron stains 1.1 w/ 1 in brown silt  
BT22 8 10 847 33 1.85 sand fine grey 0.2 n/a 
BT22 10 12 1617 57 2.05 sand fine grey 1.1-2.3 n/a 
BT22 12 14 1232 45 1.98 sand fine grey 1.1 n/a 
BT22 14 16 1283 57 1.63 silt silt brown 1.1 w 2 in sand at end 



APPENDIX A: LOGGED SOIL DATA 

A-7 

 
Core 

ID 
top 
(ft) 

bot. 
(ft) 

Soil Mass 
(g) 

Length 
(cm) 

Density 
(g/mL) Media Grain Size Color OVA1 Comments 

                      
BT23 4 6 1060 40 1.91 sand fine tan w/ iron stains 0.2 w/ 1in.brown silt layer 
BT23 6 8 1578 57 2.00 sand fine grey 1.1 w 2 in brown silt 
BT23 8 10 765 30 1.84 sand fine grey .2 to .7 w/ 1in.brown silt layer 
BT23 10 12 1618 56 2.08 sand fine grey 1.1-4.7 n/a 
BT23 12 14 1318 57 1.67 sand fine grey 1.0-1.8 n/a 
BT23 14 16 1306 57 1.65 silt silt dark brown 1.1 w 3 in. gray sand at end 
                      
BT24 4 6 1536 59 1.88 sand fine tan-grey w/ iron stains 0.2 w/ 6in.brown silt layer 
BT24 6 8 1644 58 2.05 sand fine grey .1 to .4 w/ 1in.brown silt layer 
BT24 8 10 622 22 2.04 sand fine grey .2 to .8 n/a 
BT24 10 12 1611 60 1.94 sand fine grey 0.3 n/a 
BT24 12 14 843 30 2.03 sand fine grey 1.1 n/a 
BT24 14 16 1261 58 1.57 silt silt dark brown 1.1 w/ 2 in sand at end 
BT24 14 16 1204 58 1.50 silt silt dark to light brown 0 n/a 
                      
BT25 6 8 1553 58 1.93 sand fine tan w/ iron stains 0.3 w/ 4in.brown silt layer at end 
BT25 8 10 836 32 1.89 sand fine grey 0.3 w/ 3in.brown silt layer 
BT25 10 12 1622 58 2.02 sand fine grey 0.3 w/ 2in.brown silt layer 
BT25 12 14 983 37 1.92 sand fine grey 0.2 n/a 
BT25 14 16 1490 58 1.85 sand fine grey 0.3 n/a 
BT25 16 18 466 21 1.60 sand fine grey .2 to .4 w/ 1in.brown silt layer at end 
BT25 18 20 1297 58 1.61 silt silt brown to dark brown 0.3 n/a 
                      
BT26 4 6 808 35 1.67 sand fine grey w/ iron stains 0.1 n/a 
BT26 6 8 1568 58 1.95 sand fine grey w/ iron stains 0.1 w/ 2in brown silt 
BT26 8 10 997 37 1.95 sand fine grey 0.2 w/ 3in.brown silt layer 
BT26 10 12 1610 58 2.00 sand fine grey .1 to .4 n/a 
BT26 12 14 1098 55 1.44 sand fine grey 1.1 n/a 
BT26 14 16 1598 58 1.99 sand fine grey 0.2 w/ 1in.brown silt layers 
BT26 16 18 986 51 1.40 silt silt dark to light brown 0.1 n/a 
BT26 18 20 1370 56 1.77 clay clay brown to tan 0.2 n/a 



APPENDIX A: LOGGED SOIL DATA 

A-8 

 
Core 

ID 
top 
(ft) 

bot. 
(ft) 

Soil Mass 
(g) 

Length 
(cm) 

Density 
(g/mL) Media Grain Size Color OVA1 Comments 

                      
BT27 4 6 1061 43 1.78 sand fine tan w/ iron stains 0.2 n/a 
BT27 6 8 1537 56 1.98 sand fine grey w iron stains 1.1-1.4 w silt layers,brown 
BT27 8 10 856 33 1.87 sand fine grey .2 to .3 w/ 4in.lt.brown silt layer 
BT27 10 12 1568 58 1.95 sand fine grey 1.0-2.2 n/a 
BT27 12 14 672 25 1.94 sand fine grey 0.2 n/a 
BT27 14 16 1609 58 2.00 sand fine grey 0.1 n/a 
BT27 16 18 1154 58 1.44 silt silt dark brown 1.2 n/a 

BT27 18 20 1501 57 1.90 silt 
silt w fine 

sand brown to grey 1.1 w/ roots 
                      
BT28 4 6 1644 59 2.01 sand fine grey w/ iron stains .2 to .6 w/ 2in.brown silt layers 
BT28 6 8 1653 56 2.13 sand fine grey 1.1-99 Positive DNAPL on Sudan 4 
BT28 8 10 1494 59 1.83 sand fine grey 0.2   
BT28 10 12 1159 47 1.78 sand fine grey 1.1 n/a 
BT28 12 14 245 14 1.26 sand fine grey 0.2 n/a 
BT28 14 16 1350 56 1.74 silt silt dark brown 1.1 8 in of sample 
BT28 14 16 1350 56 1.74 sand fine grey 1.1 12 in. sample 
                      
BT29 4 6 1630 58 2.03 sand fine tan-grey w/ iron stains .2 to .7 w/ 4in.brown silt layer, w/organics 
BT29 6 8 1628 58 2.03 sand fine grey 0 to 112 w/ 2in.brown silt layers 
BT29 8 10 1202 44 1.97 sand fine grey 0.2 n/a 
BT29 10 12 1335 59 1.63 sand fine grey 0.1 n/a 
BT29 12 14 877 34 1.86 sand fine grey 0.2 w/ 1in.brown silt layer 
                      
BT30 4 6 1366 58 1.70 sand fine grey 1.1 w/ organic 
BT30 6 8 1570 57 1.99 sand fine grey 1.2-5 w/ layers brown silt 
BT30 8 10 997 39 1.84 sand fine grey 1.3-5.1 w/ 2 in brown silt at end 
BT30 10 12 1518 58 1.89 sand fine grey 1.2 n/a 
BT30 12 14 632 24 1.90 sand fine grey 1.1 n/a 
                      
BT31 2 4 1429 58 1.78 sand fine grey NM 4 in.brown silt layer, w/ organic 



APPENDIX A: LOGGED SOIL DATA 

A-9 

 
Core 

ID 
top 
(ft) 

bot. 
(ft) 

Soil Mass 
(g) 

Length 
(cm) 

Density 
(g/mL) Media Grain Size Color OVA1 Comments 

BT31 4 6 1214 46 1.90 sand fine grey w iron stains NM w/organic  
BT31 6 8 1522 58 1.89 sand fine grey w iron stains 1.3-2.1 w 3 in. brown silt layers 

BT31 8 10 742 29 1.85 sand 
fine sand 

w/silt grey to brown 1.3 grey sand at endsw/ brown silt 
BT31 10 12 1583 57 2.00 sand fine grey 1.4 n/a 
BT31 12 14 838 32 1.89 sand fine grey NM n/a 
BT31 14 16 1417 58 1.76 sand fine grey 1.2 w/3 in. silt brown at end 
                      
BT32 2 4 1456 56 1.88 sand fine grey 1.2 w 5in. brown silt end 
BT32 2 4 1468 50 2.12 sand fine grey 1.1 w/ 3in brown silt at end 
BT32 4 6 245 56 0.32 sand fine grey w iron stains 1.2 w/ 1 in brown silt at end 
BT32 6 8 1597 58 1.99 sand fine grey 1.3-16 w 1 in. silt layer 
BT32 8 10 987 36 1.98 sand fine grey 1.2 -2.2 n/a 
BT32 10 12 1498 57 1.90 sand fine grey 1.5-8.4 n/a 
BT32 12 14 858 35 1.77 sand fine grey 1.1 n/a 
BT32 14 16 1319 56 1.70 sand fine grey 1.1 10 in 
BT32 14 16 1319 56 1.70 silt silt dark brown 1.2 12 in 
                      
SB08 12 14 742 27 1.98 sand fine grey with iron stains 1.1 n/a 

SB08 20 22 1460 58 1.82 sand 
fine sand 

w/silt grey 1 n/a 
           
   Total  Average      
   287,106 g 1.84 g/mL     
   632 lb 115 lb/ft3     
Notes:           
1 - OVA: Organic vapor analyzer       
2 - All samples were noted as poorly cemented      
3 - Highlighted cells        
           

 



APPENDIX B: ZVI-CLAY GROUT & EZVI MIXTURE DETAILS 

B-1 

 

Column 
ID Category Water 

(mL) 
Bentonite 

(g) 
Reactive 
Media1 

(g) 
Cement 

(g) 
HCl2 
(mL) 

Corn Oil 
(mL) 

Surfactant 
(mL) 

Target 
injected 
volume 

(mL) 
IH-1 Control 1327 100 - - - - - 600 

IH-2 Control - - - - - - - 600 

IH-3 ZVI-Clay 1327 100 100 - - - - 600 

IH-4 ZVI-Clay 1327 100 100 500 - - - 600 

IH-5 ZVI-Clay 1194 150 90 - 7.2 - - 600 

IH-6 ZVI-Clay 1327 100 300 - - - - 600 

IH-7 ZVI-Clay 1327 100 300 500 - - - 600 

IH-8 ZVI-Clay 1194 150 270 - 7.2 - - 600 

IH-9 EZVI 383 - 75 (B) - - 309 12 75 

IH-10 EZVI 765 - 150 (B) - 9 620 23 375 

IH-11 EZVI 765 - 150 (B) - 9 620 23 750 

IH-12 EZVI 765 94 150 (B) - 9 620 23 375 

IH-13 Extra 1327 100 100 50 - - - 600 

 
Notes: 
1. Reactive media consisted of Peerless iron (50 to 100 mesh) unless indicated as follows: 

(B) BASF iron, carbonyl powder 
2. 37% HCl solution 

 



APPENDIX C: BATCH REACTOR STUDY RESULTS TABLE 

C-1 

Column 
number Treatment 

Reaction 
Time (d) 

CF 
(mg/kg)

CT 
(mg/kg)

PCE 
(mg/kg)

TCE 
(mg/kg)

DCM 
(mg/kg)

Chloride 
(mg/kg) 

Total Parent 
Compounds 

(mg/kg) 
1 Control 1 0.00 209.83 407.84 11.61 1.39   114 630.7
1 Control 1 10.12 140.60 193.67 10.36 0.89   62 345.5
1 Control 1 14.25 166.65 162.98 6.45 0.81   99 336.9
1 Control 1 35.20 149.64 149.35 6.26 0.54   113 305.8
1 Control 1 63.16 156.41 152.76 5.80 0.40   140 315.4
2 Control 2 0.00 148.03 306.37 9.30 1.07   75 464.8
2 Control 2 10.15 190.07 243.75 7.89 1.08   92 442.8
2 Control 2 14.27 193.28 198.00 6.95 1.02   116 399.3
2 Control 2 35.23 151.38 182.83 8.06 0.62   116 342.9
2 Control 2 63.19 159.84 276.24 6.27 0.38   149 442.7
3 1% Fe 0.00   278.12 22.26 2.28   253 302.7
3 1% Fe 3.02 310.17 0.23 9.53 1.25 35.73 258 321.2
3 1% Fe 7.15 239.35 0.12 7.71 0.95 52.78 275 248.1
3 1% Fe 28.10 2.98 0.11 6.85 0.62 131.50 405 10.6
3 1% Fe 56.06 0.94 0.09 6.35 0.42 118.79 396 7.8

4 
1%Fe+ 

5%cement 0.00 207.64 307.74 11.55 1.22   86 528.1

4 
1%Fe+ 

5%cement 2.93 207.14 165.84 10.45 1.01   279 384.4

4 
1%Fe+ 

5%cement 7.05 195.02 132.02 11.78 0.90   293 339.7

4 
1%Fe+ 

5%cement 28.01 178.06 16.52 12.17 0.80   422 207.5

4 
1%Fe+ 

5%cement 55.97 97.83 0.11 8.84 0.67   250 107.4
5 1%Fe+acid 0.00 334.51 85.18 11.26 1.28   493 432.2
5 1%Fe+acid 3.04 351.33 4.36 13.31 1.33 28.33 383 370.3
5 1%Fe+acid 7.00 347.07 0.16 12.47 1.21 43.55 435 360.9
5 1%Fe+acid 27.88 89.84 0.17 10.34 0.91 115.62 473 101.3
5 1%Fe+acid 55.96 0.53 0.01 4.04 0.22 103.36 540 4.8

 



APPENDIX C: BATCH REACTOR STUDY RESULTS TABLE 

C-2 

 

Column 
number Treatment 

Reaction 
Time (d) 

CF 
(mg/kg)

CT 
(mg/kg)

PCE 
(mg/kg)

TCE 
(mg/kg)

DCM 
(mg/kg)

Chloride 
(mg/kg) 

Total Parent 
Compounds 

(mg/kg) 
6 3% Fe 0.00 246.51 128.67 9.41 1.27 13.43 160 385.9
6 3% Fe 2.99 227.60 0.08 7.45 1.10 61.61 301 236.2
6 3% Fe 7.11 115.92 0.09 7.22 0.97 87.68 339 124.2
6 3% Fe 28.07 1.95 0.03 6.28 0.35 92.57 390 8.6
6 3% Fe 56.03 0.37 0.02 4.12 0.20 84.18 420 4.7

7 
3%Fe+ 

5%cement 0.00 177.00 251.95 10.30 1.18   60 440.4

7 
3%Fe+ 

5%cement 2.90 180.80 153.08 10.55 0.95   254 345.4

7 
3%Fe+ 

5%cement 7.02 210.28 108.56 10.61 0.89   230 330.3

7 
3%Fe+ 

5%cement 27.98 180.43 10.12 9.57 0.73   333 200.8

7 
3%Fe+ 

5%cement 55.94 122.41 0.30 7.84 0.64   200 131.2
8 3%Fe+acid 0.00 415.29 59.02 12.75 1.47 14.41 431 488.5
8 3%Fe+acid 3.01 298.94 0.22 11.47 1.20 46.44 460 311.8
8 3%Fe+acid 6.97 238.50 0.08 9.98 1.13 76.83 492 249.7
8 3%Fe+acid 27.84 2.14 0.05 11.15 0.42 110.86 563 13.7
8 3%Fe+acid 55.93 0.44   3.44 0.22 95.51 716 4.1
9 EZVI 0.15%Fe 0.00 189.36 281.06 15.07 1.43   180 486.9
9 EZVI 0.15%Fe 1.92 178.10 236.15 10.77 1.15   112 426.2
9 EZVI 0.15%Fe 6.04 180.41 94.07 5.03 0.74   138 280.2
9 EZVI 0.15%Fe 27.00 184.13 65.28 5.87 0.71   198 256.0
9 EZVI 0.15%Fe 54.96 153.62 67.15 4.80 0.48   171 226.1

10 EZVI 0.75%Fe 0.00 221.23 54.77 10.89 1.28   126 288.2
10 EZVI 0.75%Fe 3.19 225.51 167.17 11.68 1.27   316 405.6
10 EZVI 0.75%Fe 7.15 199.78 91.50 13.67 1.22   390 306.2
10 EZVI 0.75%Fe 28.02 149.29 51.14 15.35 1.20 4.90 270 217.0
10 EZVI 0.75%Fe 56.10 106.54 9.54 2.56 0.36 17.72 306 119.0

 



APPENDIX C: BATCH REACTOR STUDY RESULTS TABLE 

C-3 

 

Column 
number Treatment 

Reaction 
Time (d) 

CF 
(mg/kg)

CT 
(mg/kg)

PCE 
(mg/kg)

TCE 
(mg/kg)

DCM 
(mg/kg)

Chloride 
(mg/kg) 

Total Parent 
Compounds 

(mg/kg) 
11 EZVI 1.5%Fe 0.00 202.44 215.62 13.47 1.27   565 432.8
11 EZVI 1.5%Fe 3.23 216.19 175.67 15.76 1.52   457 409.1
11 EZVI 1.5%Fe 7.19 187.66 84.94 10.44 1.25   415 284.3
11 EZVI 1.5%Fe 28.06 176.96 41.98 10.52 1.10   343 230.6
11 EZVI 1.5%Fe 56.15 86.88 9.69 2.05 0.28 14.62 326 98.9

12 
EZVI 

0.75%Fe+clay 0.00 186.18 112.11 9.12 0.86   414 308.3

12 
EZVI 

0.75%Fe+clay 3.16 232.88 49.77 13.05 1.47   478 297.2

12 
EZVI 

0.75%Fe+clay 7.11 228.91 25.74 11.34 1.31   463 267.3

12 
EZVI 

0.75%Fe+clay 27.99 201.20 0.50 10.52 0.93 23.07 508 213.2

12 
EZVI 

0.75%Fe+clay 56.07 39.16 0.02 2.92 0.27 45.86 454 42.4

13 
1%Fe+0.5% 

cement 0.00 201.30 293.38 11.15 1.21   94 507.0

13 
1%Fe+0.5% 

cement 2.96 172.55 173.83 8.56 0.80   155 355.7

13 
1%Fe+0.5% 

cement 7.08 188.11 100.95 4.09 0.60   193 293.7

13 
1%Fe+0.5% 

cement 28.04 193.76 2.35 12.47 0.44 14.57 256 209.0

13 
1%Fe+0.5% 

cement 56.00 63.24 0.02 3.34 0.29 76.17 293 66.9



APPENDIX D: MODEL OUTPUT 

D-1 

0 10 20 30 40 50 60
1 .10 4

1 .10 3

0.01

0.1

1

10

CT model
CF model
DCM model
Cl- model
CT (exp.)
CF (exp.)
DCM (exp.)
Cl- (Exp.)

Time (day)

M
ol

ar
 c

on
ce

nt
ra

tio
n 

(m
m

ol
/k

g)

Column Number:

S 3=

Carbon tetrachloride

kCTobs S( ) 0.098hr 1−=

HalfLifeCT S( ) 0.294day=

 

Chloroform
 

kCFobs S( ) 0.0049hr 1−=

HalfLifeCF S( ) 5.888day=

Dichloromethane

kDCMobs S( ) 0.0001hr 1−=

HalfLifeDCM S( ) 294day=
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Column Number:

S 4=

Carbon tetrachloride

kCTobs S( ) 0.006hr 1−=

HalfLifeCT S( ) 5.157day=

 

Chloroform
 

kCFobs S( ) 0.0011hr 1−=

HalfLifeCF S( ) 25.787day=

Dichloromethane

kDCMobs S( ) 0hr 1−=

HalfLifeDCM S( ) NA

 

 



APPENDIX D: MODEL OUTPUT 

D-2 
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Column Number:

S 5=

Carbon tetrachloride

kCTobs S( ) 0.038hr 1−=

HalfLifeCT S( ) 0.76day=

 

Chloroform
 

kCFobs S( ) 0.0038hr 1−=

HalfLifeCF S( ) 7.6day=

Dichloromethane

kDCMobs S( ) 0.00019hr 1−=

HalfLifeDCM S( ) 152day=
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Column Number:

S 6=

Carbon tetrachloride

kCTobs S( ) 0.102hr 1−=

HalfLifeCT S( ) 0.283day=

 

Chloroform
 

kCFobs S( ) 0.0061hr 1−=

HalfLifeCF S( ) 4.71day=

Dichloromethane

kDCMobs S( ) 0.00012hr 1−=

HalfLifeDCM S( ) 235.495day=

 

 



APPENDIX D: MODEL OUTPUT 
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Column Number:

S 7=

Carbon tetrachloride

kCTobs S( ) 0.005hr 1−=

HalfLifeCT S( ) 5.811day=

 

Chloroform
 

kCFobs S( ) 0.00099hr 1−=

HalfLifeCF S( ) 29.055day=

Dichloromethane

kDCMobs S( ) 0hr 1−=

HalfLifeDCM S( ) NA
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Column Number:

S 8=

Carbon tetrachloride

kCTobs S( ) 0.0777hr 1−=

HalfLifeCT S( ) 0.372day=

 

Chloroform
 

kCFobs S( ) 0.00544hr 1−=

HalfLifeCF S( ) 5.31day=

Dichloromethane

kDCMobs S( ) 0.00038hr 1−=

HalfLifeDCM S( ) 75.857day=

 

 



APPENDIX D: MODEL OUTPUT 
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Column Number:

S 9=

Carbon tetrachloride

kCTobs S( ) 0.0072hr 1−=

HalfLifeCT S( ) 4.011day=

 

Chloroform
 

kCFobs S( ) 0.00072hr 1−=

HalfLifeCF S( ) 40.113day=

Dichloromethane

kDCMobs S( ) 0hr 1−=

HalfLifeDCM S( ) NA

 0 10 20 30 40 50 60
1 .10 4

1 .10 3

0.01

0.1

1

10

CT model
CF model
DCM model
Cl- model
CT (exp.)
CF (exp.)
DCM (exp.)
Cl- (Exp.)

Time (day)

M
ol

ar
 c

on
ce

nt
ra

tio
n 

(m
m

ol
/k

g)

Column Number:

S 10=

Carbon tetrachloride

kCTobs S( ) 0.0022hr 1−=

HalfLifeCT S( ) 13.128day=

 

Chloroform
 

kCFobs S( ) 0.0011hr 1−=

HalfLifeCF S( ) 26.256day=

Dichloromethane

kDCMobs S( ) 0hr 1−=

HalfLifeDCM S( ) NA

 

 



APPENDIX D: MODEL OUTPUT 
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Column Number:

S 11=

Carbon tetrachloride

kCTobs S( ) 0.0024hr 1−=

HalfLifeCT S( ) 12.034day=

 

Chloroform
 

kCFobs S( ) 0.0012hr 1−=

HalfLifeCF S( ) 24.068day=

Dichloromethane

kDCMobs S( ) 0hr 1−=

HalfLifeDCM S( ) NA
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Column Number:

S 12=

Carbon tetrachloride

kCTobs S( ) 0.0067hr 1−=

HalfLifeCT S( ) 4.311day=

 

Chloroform
 

kCFobs S( ) 0.00067hr 1−=

HalfLifeCF S( ) 43.106day=

Dichloromethane

kDCMobs S( ) 0hr 1−=

HalfLifeDCM S( ) NA

 

 



APPENDIX D: MODEL OUTPUT 

D-6 
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Column Number:

S 13=

Carbon tetrachloride

kCTobs S( ) 0.0073hr 1−=

HalfLifeCT S( ) 3.956day=

 

Chloroform
 

kCFobs S( ) 0.00146hr 1−=

HalfLifeCF S( ) 19.782day=

Dichloromethane

kDCMobs S( ) 0hr 1−=

HalfLifeDCM S( ) NA
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Column Number:

S 14=

Carbon tetrachloride

kCTobs S( ) 0.0102hr 1−=

HalfLifeCT S( ) 2.831day=

 

Chloroform
 

kCFobs S( ) 0.00204hr 1−=

HalfLifeCF S( ) 14.157day=

Dichloromethane

kDCMobs S( ) 0hr 1−=

HalfLifeDCM S( ) NA

 

 



APPENDIX E: QA/QC 

E-1 

Notes 
Column 

No. Treatment 
Reaction 
Time (d) 

CF 
(mg/kg) 

CT 
(mg/kg) 

PCE 
(mg/kg) 

TCE 
(mg/kg) 

DCM 
(mg/kg) 

Chloride 
(mg/kg) 

Sample 1 Control 1 63.16 156.41 152.76 5.80 0.40   140
Duplicate 1 Control 1 63.16 151.64 130.85 6.19 0.40   143
Sample 2 Control 2 35.23 151.38 182.83 8.06 0.62   116
Duplicate 2 Control 2 35.23 142.94 165.97 6.08 0.58   103
Sample 3 1% Fe 7.15 239.35 0.12 7.71 0.95 52.78 275
Duplicate 3 1% Fe 7.15 197.24 0.30 10.04 1.28 59.87 327
Sample 6 3% Fe 56.03 0.37 0.02 4.12 0.20 84.18 420
Duplicate 6 3% Fe 56.03 0.55 0.04 2.93 0.15 78.01 441
Sample 7 3%Fe+ 5%cement 7.02 210.28 108.56 10.61 0.89   230
Duplicate 7 3%Fe+ 5%cement 7.02 215.21 89.50 6.30 0.82   160
Sample 8 3%Fe+acid 27.84 2.14 0.05 11.15 0.42 110.86 563
Duplicate 8 3%Fe+acid 27.84 2.59 0.17 4.71 0.32 101.34 465
Sample 9 EZVI 0.15%Fe 54.96 153.62 67.15 4.80 0.48   171
Duplicate 9 EZVI 0.15%Fe 54.96 140.42 59.38 3.03 0.46   138
Sample 10 EZVI 0.75%Fe 28.02 149.29 51.14 15.35 1.20 4.90 270
Duplicate 10 EZVI 0.75%Fe 28.02 192.01 8.58 14.59 1.37 5.90 300
Sample 11 EZVI 1.5%Fe 7.19 187.66 84.94 10.44 1.25   415
Duplicate 11 EZVI 1.5%Fe 7.19 172.06 97.45 10.39 1.18   309

Sample 13 
1%Fe+0.5% 

cement 56.00 63.24 0.02 3.34 0.29 76.17 293

Duplicate 13 
1%Fe+0.5% 

cement 56.00 59.12 0.04 3.31 0.37 80.44 262
Notes: 
Highlighted cells indicate duplicate and sample varied by more than 50%.



APPENDIX F: GAS GENERATION RESULTS 

F-1 

Analysis Units Analyte Sample 1 
Results 

Sample 2 
Results 

GC FID 
(Hydrogen) % H2 92.8 43.6 

Methane 10,200 16,600 
Ethane 5,990 2,660 

Propane 2,390 929 
Butane 1,210 171 
Pentane 420 41.9 

GC FID 
(C1-C6) ppmv 

Hexane 113 < 10 
O2 11.1 3.26 
N2 34.7 18.6 
CO < 0.50 < 0.50 
CH4 < 0.50 2.54 

SM 2720C 
(Fixed 
Gases) 

% 

CO2 < 0.50 3.77 
DCM 45,400 12,800 
CF 27,000 19,700 
CT 8,110 10,600 

TCE < 1000 < 1250 

TO14 
(CVOCs) ppbv 

PCE < 1000 < 1250 



APPENDIX G: GROUT FORMULATION CALCULATIONS 

G-1 

The following shows calculations performed in MathCAD version 13. 
 

 Wet soil density (calculated in soil log) 

γsoil 115
lb

ft3
⋅:=  

Soil moisture content (measured value) 

SoilMoisture 0.24
gm
gm
⋅:=  

Calculation of dry soil density (i.e., mass dry soil per bulk volume of treated material) 

γdrysoil
γsoil

1 SoilMoisture+
:=  γdrysoil 92.742

lb

ft3
=  

Calculation of target clay and iron amendments added per volume of treated soil 

TargetClay 0.01 γdrysoil⋅:=  TargetClay 0.927
lb

ft3
=  

TargetIron 0.02 γdrysoil⋅:=  
TargetIron 1.855

lb

ft3
=  

Calculation of target water added per volume of treated soil (i.e., water required to achieve target 
clay/iron content based) 

TargetWater
TargetClay

0.07
:=  TargetWater 13.249

lb

ft3
=  

Calculation of total mass of grout required per volume of treated soil  

GroutMass TargetClay TargetIron+ TargetWater+:=  
GroutMass 432.84

lb

yd3
=  

Approximate density of grout at given formulation 

γgrout 72
lb

ft3
⋅:=  

Calculated volume of grout required per volume of treated material. 

GroutVolume
GroutMass
γgrout

:=  GroutVolume 44.97
gal

yd3
=  



 

Appendix H 
Detailed Cost Estimate 

 



Alternative Description 2007 Dollar Capital Cost 2007 Dollar O&M Cost Present Worth Lifetime 
O&M Cost

Total Present Worth 
Cost

Alternative 1 No Action $0 $0 $0 $0
Alternative 2 Source Area Treatment Using ISCO, NA, 

Groundwater Monitoring, and LUCs
$1,916,683 $3,701,451 $1,525,447 $3,442,131

APPENDIX H - DETAILED COST ESTIMATE
COST SUMMARY

Site 47 Feasibility Study
NSF-IH, Indian Head, Maryland



REMEDIAL ALTERNATIVE 2 Construction time: 21.2 weeks

Operation time: 52 years

DESCRIPTION AND ASSUMPTIONS OF ALTERNATIVE:

Qty Unit Cost Source Labor Unit Cost Labor Total Cost Equipment 
Unit Cost

Equipment Total 
Cost Material Unit Cost Material Total 

Cost Subcontractor Total Cost

CAPITAL COSTS

Institutional Controls/Planning $5,000.00

Site-Specific LUC 1 lump sum Professional Judgment $5,000.00 $5,000.00 $0.00 $0.00 $0.00 $0.00 $0.00 $5,000.00

Permitting $10,100.00
Injection and GW Permits 1 lump sum Professional Judgment $9,100.00 $9,100.00 $0.00 $0.00 $0.00 $0.00 $1,000.00 $10,100.00

Pre-construction Submittals $119,556.62

1 lump sum $32,566.81 $0.00 $0.00 $32,566.81
Design Manager 28 hours $100.59 $2,816.50 $0.00 $0.00 $0.00 $0.00 $0.00 $2,816.50
Activity Manager 16 hours $78.42 $1,254.80 $0.00 $0.00 $0.00 $0.00 $0.00 $1,254.80
Project Manager 24 hours $78.42 $1,882.20 $0.00 $0.00 $0.00 $0.00 $0.00 $1,882.20
Design Engineer 54 hours $78.42 $4,234.94 $0.00 $0.00 $0.00 $0.00 $0.00 $4,234.94
Project Engineer 234 hours $61.25 $14,333.44 $0.00 $0.00 $0.00 $0.00 $0.00 $14,333.44
GIS/Data Manager 18 hours $61.25 $1,102.57 $0.00 $0.00 $0.00 $0.00 $0.00 $1,102.57
Assistant Engineer 62 hours $46.17 $2,862.80 $0.00 $0.00 $0.00 $0.00 $0.00 $2,862.80
Admin Asst. 44 hours $41.16 $1,810.86 $0.00 $0.00 $0.00 $0.00 $0.00 $1,810.86
CADD/Graphics 44 hours $51.56 $2,268.71 $0.00 $0.00 $0.00 $0.00 $0.00 $2,268.71

35% Submittal 1 lump sum CTO 51 Mod 1 IP/FP $29,450.00 $29,450.00 $0.00 $0.00 $0.00 $0.00 $2.00 $29,452.00
100% Pre-Final 1 lump sum CTO 51 Mod 1 IP/FP $18,000.00 $18,000.00 $3.00 $3.00 $3.00 $3.00 $3.00 $18,009.00
Final 1 lump sum CTO 51 Mod 1 IP/FP $6,950.00 $6,950.00 $4.00 $4.00 $4.00 $4.00 $4.00 $6,962.00

Site Preparation 3 $3,184.77

0.5 acre M 02230 200 0100 1 $1,725.00 $862.50 $0.00 $0.00 $0.00 $0.00 $0.00 $862.50

1 lump sum E 9904 1201 1 $617.50 $617.50 $204.77 $204.77 $0.00 $0.00 $0.00 $822.27

Personnel and Equipment Decon 3 lump sum Professional Judgment 1 $500.00 $1,500.00 $0.00 $0.00 $0.00 $0.00 $0.00 $1,500.00

106 $858,212.02

Installation of MWs (see Alt 2 Supplemental) 2 wells BOA rates 3 $2,119.00 $4,238.00 $0.00 $0.00 $0.00 $0.00 $4,466.67 $8,704.67

Installation of Injection Wells (See Alt 2 Breakdown) 48 wells $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $35,362.60 $35,362.60

Injection Activities (includes injection monitoring and field sampling 
activities; see Alt. 2 Breakdown; a total of 20 weeks) 48 points Cost derived from Pilot Test 100 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $809,144.75 $809,144.75

Continuous Conductivity Profiling 3 days Redox Tech Quote 3 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $5,000.00 $5,000.00

Construction Oversight $213,678.09

Field Superintendent 21.2 weeks CH2M HILL Rate $3,921.24 $83,130.29 $0.00 $0.00 $0.00 $0.00 $0.00 $83,130.29

Safety Engineer 21.1 weeks CH2M HILL Rate $3,062.70 $64,491.71 $0.00 $0.00 $0.00 $0.00 $0.00 $64,491.71

2) Installation of 48 permanent injection points for source treatment using alkaline activated sodium persulfate within DNAPL area outside of the 
pilot study area and the explosive or magazine storage areas.

Remediation Activities

4.) Sampling of GW in 15 monitoring wells (2 new, 7 existing, and 6 pilot study wells) for VOCs, field parameter (DO, pH, temp, specific 
conductance, ORP), un/filtered metals, & H2O quality parameters (sulfate, chloride, nitrate, & alkalinity), MEE & PLFA (natural attenuation 
indicators) during baseline event & 6-month post-injection event. Soil sampled to determine VOC at 6 sample locations within DNAPL treatment 
zone during baseline event & 6 month post-injection event to determine remediation effectiveness. 

Survey (for locations of injection points and GW wells - 2 man crew)

Site Clearing (very minimal - by hand)

BOD, FSP, QAPP, DQOs, H&SP, Work Plan

Drawings, Specification, & Cost Estimate

8.) Five-year review and a site closure report

ISCO - Persulfate Injection

LOCATION: MEDIA:

Cost Component

Source Treatment Using ISCO, NA, Groundwater Monitoring, and 
LUCs

Site 47 Mercuric Nitrate Disposal Area

NSF-IH, Indian Head, Maryland
Groundwater

Estimated Activity 
Duration (day)

included in the operation timePost Remediation Monitoring:

3) Installation of 2 additional groundwater monitoring wells (IS47MW26 and IS47MW27) downgradient of the source area.

5.) Injection wells monitored during injection to determine flow rate and pressure, allowing for determination of oxidant mass. Sampling of 
GW for field parameters (DO, pH, temp, specific conductance, ORP) to evaluate geochemical indicators and system efficiency. Analyze 
GW for persulfate indicator and continous conductivity profile to determine oxidant distribution. 

6) Groundwater would be monitored quarterly during Years 2 through 3, and annually during Years 3 through 54. Samples collected from 
2 new wells (IS47MW26 and IS47MW27), 7 existing wells (IS47MW01, IS47MW03 through IS47MW06, IS47MW10, IS47MW12), and 6 
pilot study wells (IS47MW20 through IS47MW25). All groundwater samples would be analyzed for VOCs, un/filtered metals, MEE, 
alkalinity, nitrate, chloride, sulfate. In addition field measurements such as DO, ORP, pH, specific conductance, and temperature would 
also be collected.

7) Data interpretation and report would be prepared following a sampling event.

1.) Implement ISCO using alkaline activated sodium persulfate in the source area where CT is greater then 500 µg/ L. The technology is determined 
the most appropriate at Site 47 based on the bench-scale studies (CH2M HILL, 2007).



REMEDIAL ALTERNATIVE 2 Construction time: 21.2 weeks

Operation time: 52 years

DESCRIPTION AND ASSUMPTIONS OF ALTERNATIVE:

Qty Unit Cost Source Labor Unit Cost Labor Total Cost Equipment 
Unit Cost

Equipment Total 
Cost Material Unit Cost Material Total 

Cost Subcontractor Total Cost

2) Installation of 48 permanent injection points for source treatment using alkaline activated sodium persulfate within DNAPL area outside of the 
pilot study area and the explosive or magazine storage areas.

4.) Sampling of GW in 15 monitoring wells (2 new, 7 existing, and 6 pilot study wells) for VOCs, field parameter (DO, pH, temp, specific 
conductance, ORP), un/filtered metals, & H2O quality parameters (sulfate, chloride, nitrate, & alkalinity), MEE & PLFA (natural attenuation 
indicators) during baseline event & 6-month post-injection event. Soil sampled to determine VOC at 6 sample locations within DNAPL treatment 
zone during baseline event & 6 month post-injection event to determine remediation effectiveness. 

8.) Five-year review and a site closure report

LOCATION: MEDIA:

Cost Component

Source Treatment Using ISCO, NA, Groundwater Monitoring, and 
LUCs

Site 47 Mercuric Nitrate Disposal Area

NSF-IH, Indian Head, Maryland
Groundwater

Estimated Activity 
Duration (day)

included in the operation timePost Remediation Monitoring:

3) Installation of 2 additional groundwater monitoring wells (IS47MW26 and IS47MW27) downgradient of the source area.

5.) Injection wells monitored during injection to determine flow rate and pressure, allowing for determination of oxidant mass. Sampling of 
GW for field parameters (DO, pH, temp, specific conductance, ORP) to evaluate geochemical indicators and system efficiency. Analyze 
GW for persulfate indicator and continous conductivity profile to determine oxidant distribution. 

6) Groundwater would be monitored quarterly during Years 2 through 3, and annually during Years 3 through 54. Samples collected from 
2 new wells (IS47MW26 and IS47MW27), 7 existing wells (IS47MW01, IS47MW03 through IS47MW06, IS47MW10, IS47MW12), and 6 
pilot study wells (IS47MW20 through IS47MW25). All groundwater samples would be analyzed for VOCs, un/filtered metals, MEE, 
alkalinity, nitrate, chloride, sulfate. In addition field measurements such as DO, ORP, pH, specific conductance, and temperature would 
also be collected.

7) Data interpretation and report would be prepared following a sampling event.

1.) Implement ISCO using alkaline activated sodium persulfate in the source area where CT is greater then 500 µg/ L. The technology is determined 
the most appropriate at Site 47 based on the bench-scale studies (CH2M HILL, 2007).

Site Project Manager 21.1 weeks CH2M HILL Rate $3,136.99 $66,056.09 $0.00 $0.00 $0.00 $0.00 $0.00 $66,056.09

Lodging and Per diem 327 day/3 persons $0.00 $0.00 $0.00 $0.00 $150.00 $49,050.00 $0.00

Contractor Overhead and Profit $161,261.23

Home office cost, etc. 1 lump sum 15% of total construction cost $161,261.23 $161,261.23 $0.00 $0.00 $0.00 $0.00 $0.00 $161,261.23

General Conditions $75,255.24

1 lump sum 7% of total construction cost $75,255.24 $75,255.24 $0.00 $0.00 $0.00 $0.00 $0.00 $75,255.24

Mob/Demob $86,139.68
Assume 10% of total field activities 1 lump sum Professional Judgment $86,139.68 $86,139.68 $0.00 $0.00 $0.00 $0.00 $0.00 $86,139.68

SUBTOTAL CAPITAL  COST $677,185.86 $211.77 $49,057.00 $854,983.02 $1,532,387.64

Scope Contingency 10% $153,238.76

Bid Contingency 10% $153,238.76

TOTAL CAPITAL COST $1,838,865.17
SAMPLING AND ANALYSIS (PER EVENT)
Baseline and 6-month Post Injcetion Event ( Year 0 through Year 2) $77,818.00

Sample Collection

Sample collection - 2 crew, 10 hrs/day, $50/hr, 15 wells 10 days Professional Judgment 10 $2,500.00 $25,000.00 $0.00 $0.00 $0.00 $0.00 $0.00 $25,000.00

Disposable and decon materials per sample 36 samples E 33 02 0401, 33 02 0402, 33 
02 0561 $110.50 $3,978.00 $0.00 $0.00 $24.90 $896.40 $0.00 $4,874.40

Equipment Rental 10 days E 33 02 0573, 33 02 0578 $601.40 $6,014.00 $227.68 $2,276.80 $0.00 $0.00 $0.00 $8,290.80

Lab Analysis

TAL Metals/Cyanide by CLP (ILM04) (filtered) 30 samples BOA rates $138.00 $4,140.00 $0.00 $0.00 $0.00 $0.00 $4,107.60 $8,247.60

TAL Metals/Cyanide by CLP (ILM04) (unfiltered) 30 samples BOA rates $138.00 $4,140.00 $0.00 $0.00 $0.00 $0.00 $4,107.60 $8,247.60

TCL Volatiles by CLP (OLM04)  (only pre & post injection) 36 samples BOA rates $95.00 $3,420.00 $0.00 $0.00 $0.00 $0.00 $3,420.00 $6,840.00

PLFA 3 samples Microbial Insights Quote $0.00 $0.00 $1.00 $3.00 $265.00 $795.00 $285.00 $1,083.00

Chloride, nitrite/nitrate, sulfate (300.0) 30 samples BOA Rates $17.00 $510.00 $0.00 $0.00 $0.00 $0.00 $1,464.60 $1,974.60

Methane, ethane, ethene (RSK-175) 30 samples BOA Rates $101.00 $3,030.00 $0.00 $0.00 $0.00 $0.00 $3,032.70 $6,062.70

Alkalinity (310.1) 30 samples BOA Rates $13.00 $390.00 $0.00 $0.00 $0.00 $0.00 $395.40 $785.40

Field parameters (covered in equipment rental) 30 samples $27.00 $810.00 $0.00 $0.00 $0.00 $0.00 $867.30 $1,677.30

Data Management and Evaluation 60 hours CH2M HILL Rate $50.00 $3,000.00 $0.00 $0.00 $0.00 $0.00 $1,734.60 $4,734.60

Decontamination, temp. facilities, sed. & erosion control, temp. fence, etc. 



REMEDIAL ALTERNATIVE 2 Construction time: 21.2 weeks

Operation time: 52 years

DESCRIPTION AND ASSUMPTIONS OF ALTERNATIVE:

Qty Unit Cost Source Labor Unit Cost Labor Total Cost Equipment 
Unit Cost

Equipment Total 
Cost Material Unit Cost Material Total 

Cost Subcontractor Total Cost

2) Installation of 48 permanent injection points for source treatment using alkaline activated sodium persulfate within DNAPL area outside of the 
pilot study area and the explosive or magazine storage areas.

4.) Sampling of GW in 15 monitoring wells (2 new, 7 existing, and 6 pilot study wells) for VOCs, field parameter (DO, pH, temp, specific 
conductance, ORP), un/filtered metals, & H2O quality parameters (sulfate, chloride, nitrate, & alkalinity), MEE & PLFA (natural attenuation 
indicators) during baseline event & 6-month post-injection event. Soil sampled to determine VOC at 6 sample locations within DNAPL treatment 
zone during baseline event & 6 month post-injection event to determine remediation effectiveness. 

8.) Five-year review and a site closure report

LOCATION: MEDIA:

Cost Component

Source Treatment Using ISCO, NA, Groundwater Monitoring, and 
LUCs

Site 47 Mercuric Nitrate Disposal Area

NSF-IH, Indian Head, Maryland
Groundwater

Estimated Activity 
Duration (day)

included in the operation timePost Remediation Monitoring:

3) Installation of 2 additional groundwater monitoring wells (IS47MW26 and IS47MW27) downgradient of the source area.

5.) Injection wells monitored during injection to determine flow rate and pressure, allowing for determination of oxidant mass. Sampling of 
GW for field parameters (DO, pH, temp, specific conductance, ORP) to evaluate geochemical indicators and system efficiency. Analyze 
GW for persulfate indicator and continous conductivity profile to determine oxidant distribution. 

6) Groundwater would be monitored quarterly during Years 2 through 3, and annually during Years 3 through 54. Samples collected from 
2 new wells (IS47MW26 and IS47MW27), 7 existing wells (IS47MW01, IS47MW03 through IS47MW06, IS47MW10, IS47MW12), and 6 
pilot study wells (IS47MW20 through IS47MW25). All groundwater samples would be analyzed for VOCs, un/filtered metals, MEE, 
alkalinity, nitrate, chloride, sulfate. In addition field measurements such as DO, ORP, pH, specific conductance, and temperature would 
also be collected.

7) Data interpretation and report would be prepared following a sampling event.

1.) Implement ISCO using alkaline activated sodium persulfate in the source area where CT is greater then 500 µg/ L. The technology is determined 
the most appropriate at Site 47 based on the bench-scale studies (CH2M HILL, 2007).

Quarterly Monitoring Event (Year 2 through Year 3) $61,787.40

Sample Collection

Sample collection - 2 crew, 10 hrs/day, $50/hr, 15 wells 5 days Professional Judgment 10 $2,500.00 $12,500.00 $0.00 $0.00 $0.00 $0.00 $0.00 $12,500.00

Disposable and decon materials per sample 30 samples E 33 02 0401, 33 02 0402, 33 
02 0561 $110.50 $3,315.00 $0.00 $0.00 $24.90 $747.00 $0.00 $4,062.00

Equipment Rental 10 days E 33 02 0573, 33 02 0578 $601.40 $6,014.00 $227.68 $2,276.80 $0.00 $0.00 $0.00 $8,290.80

Lab Analysis

TAL Metals/Cyanide by CLP (ILM04) (filtered) 30 samples BOA rates $138.00 $4,140.00 $0.00 $0.00 $0.00 $0.00 $4,107.60 $8,247.60

TAL Metals/Cyanide by CLP (ILM04) (unfiltered) 30 samples BOA rates $138.00 $4,140.00 $0.00 $0.00 $0.00 $0.00 $4,107.60 $8,247.60

TCL Volatiles by CLP (OLM04)  (only pre & post injection) 30 samples BOA rates $95.00 $2,850.00 $0.00 $0.00 $0.00 $0.00 $2,850.00 $5,700.00

PLFA 3 samples Microbial Insights Quote $0.00 $0.00 $1.00 $3.00 $265.00 $795.00 $285.00 $1,083.00

Chloride, nitrite/nitrate, sulfate (300.0) 30 samples BOA Rates $17.00 $510.00 $0.00 $0.00 $0.00 $0.00 $1,464.60 $1,974.60

Methane, ethane, ethene (RSK-175) 30 samples BOA Rates $101.00 $3,030.00 $0.00 $0.00 $0.00 $0.00 $3,032.70 $6,062.70

Alkalinity (310.1) 30 samples BOA Rates $13.00 $390.00 $0.00 $0.00 $0.00 $0.00 $395.40 $785.40

Field parameters (covered in equipment rental) 30 samples $27.00 $810.00 $0.00 $0.00 $0.00 $0.00 $867.30 $1,677.30

Data Management and Evaluation 40 hours CH2M HILL Rate $50.00 $2,000.00 $0.00 $0.00 $0.00 $0.00 $1,156.40 $3,156.40

Annual Monitoring Event (Year 4 through Year 52) $60,704.40

Sample Collection

Sample collection - 2 crew, 10 hrs/day, $50/hr, 15 wells 5 days Professional Judgment 10 $2,500.00 $12,500.00 $0.00 $0.00 $0.00 $0.00 $0.00 $12,500.00

Disposable and decon materials per sample 30 samples E 33 02 0401, 33 02 0402, 33 
02 0561 $110.50 $3,315.00 $0.00 $0.00 $24.90 $747.00 $0.00 $4,062.00

Equipment Rental 10 days E 33 02 0573, 33 02 0578 $601.40 $6,014.00 $227.68 $2,276.80 $0.00 $0.00 $0.00 $8,290.80

Lab Analysis

TAL Metals/Cyanide by CLP (ILM04) (filtered) 30 samples BOA rates $138.00 $4,140.00 $0.00 $0.00 $0.00 $0.00 $4,107.60 $8,247.60

TAL Metals/Cyanide by CLP (ILM04) (unfiltered) 30 samples BOA rates $138.00 $4,140.00 $0.00 $0.00 $0.00 $0.00 $4,107.60 $8,247.60

TCL Volatiles by CLP (OLM04)  (only pre & post injection) 30 samples BOA rates $95.00 $2,850.00 $0.00 $0.00 $0.00 $0.00 $2,850.00 $5,700.00



REMEDIAL ALTERNATIVE 2 Construction time: 21.2 weeks

Operation time: 52 years

DESCRIPTION AND ASSUMPTIONS OF ALTERNATIVE:

Qty Unit Cost Source Labor Unit Cost Labor Total Cost Equipment 
Unit Cost

Equipment Total 
Cost Material Unit Cost Material Total 

Cost Subcontractor Total Cost

2) Installation of 48 permanent injection points for source treatment using alkaline activated sodium persulfate within DNAPL area outside of the 
pilot study area and the explosive or magazine storage areas.

4.) Sampling of GW in 15 monitoring wells (2 new, 7 existing, and 6 pilot study wells) for VOCs, field parameter (DO, pH, temp, specific 
conductance, ORP), un/filtered metals, & H2O quality parameters (sulfate, chloride, nitrate, & alkalinity), MEE & PLFA (natural attenuation 
indicators) during baseline event & 6-month post-injection event. Soil sampled to determine VOC at 6 sample locations within DNAPL treatment 
zone during baseline event & 6 month post-injection event to determine remediation effectiveness. 

8.) Five-year review and a site closure report

LOCATION: MEDIA:

Cost Component

Source Treatment Using ISCO, NA, Groundwater Monitoring, and 
LUCs

Site 47 Mercuric Nitrate Disposal Area

NSF-IH, Indian Head, Maryland
Groundwater

Estimated Activity 
Duration (day)

included in the operation timePost Remediation Monitoring:

3) Installation of 2 additional groundwater monitoring wells (IS47MW26 and IS47MW27) downgradient of the source area.

5.) Injection wells monitored during injection to determine flow rate and pressure, allowing for determination of oxidant mass. Sampling of 
GW for field parameters (DO, pH, temp, specific conductance, ORP) to evaluate geochemical indicators and system efficiency. Analyze 
GW for persulfate indicator and continous conductivity profile to determine oxidant distribution. 

6) Groundwater would be monitored quarterly during Years 2 through 3, and annually during Years 3 through 54. Samples collected from 
2 new wells (IS47MW26 and IS47MW27), 7 existing wells (IS47MW01, IS47MW03 through IS47MW06, IS47MW10, IS47MW12), and 6 
pilot study wells (IS47MW20 through IS47MW25). All groundwater samples would be analyzed for VOCs, un/filtered metals, MEE, 
alkalinity, nitrate, chloride, sulfate. In addition field measurements such as DO, ORP, pH, specific conductance, and temperature would 
also be collected.

7) Data interpretation and report would be prepared following a sampling event.

1.) Implement ISCO using alkaline activated sodium persulfate in the source area where CT is greater then 500 µg/ L. The technology is determined 
the most appropriate at Site 47 based on the bench-scale studies (CH2M HILL, 2007).

Chloride, nitrite/nitrate, sulfate (300.0) 30 samples BOA Rates $17.00 $510.00 $0.00 $0.00 $0.00 $0.00 $1,464.60 $1,974.60

Methane, ethane, ethene (RSK-175) 30 samples BOA Rates $101.00 $3,030.00 $0.00 $0.00 $0.00 $0.00 $3,032.70 $6,062.70

Alkalinity (310.1) 30 samples BOA Rates $13.00 $390.00 $0.00 $0.00 $0.00 $0.00 $395.40 $785.40

Field parameters (covered in equipment rental) 30 samples $27.00 $810.00 $0.00 $0.00 $0.00 $0.00 $867.30 $1,677.30

Data Management and Evaluation 40 hours CH2M HILL Rate $50.00 $2,000.00 $0.00 $0.00 $0.00 $0.00 $1,156.40 $3,156.40

PERIODIC COST
Five-Year Review $7,000.00

Report 1 lump sum Professional Judgment $5,000.00 $5,000.00 $0.00 $0.00 $0.00 $0.00 $0.00 $5,000.00

Field Inspection 1 lump sum Professional Judgment $2,000.00 $2,000.00 $0.00 $0.00 $0.00 $2,000.00

Site Closure $25,000.00

Report development 1 lump sum Professional Judgment $25,000.00 $25,000.00 $0.00 $0.00 $0.00 $0.00 $25,000.00



REMEDIAL ALTERNATIVE 2 Media LOCATION: Construction time: 21.2 weeks

Site 47 Mercuric Nitrate Disposal Area Operation time: 52 years

NSF-IH, Indian Head, Maryland Post Remediation 
Monitoring:

PRESENT WORTH CALCULATION
Discount Rate: 5.2% O&M and Period Cost Contingency: 20%

Year Real Cost Incurred Cost Description Cost Type Discount Factor Present Worth

0 $1,916,683 Pre-remediation submittal, baseline event, ISCO injection, and 
6-month post injection event Capital 1.00 $1,916,683

1 $155,636 Two bi-annual samplings O&M 1.05 $147,943
2 $247,150 Quarterly sampling events (4) O&M 1.11 $223,320
3 $247,150 Quarterly sampling events (4) O&M 1.16 $212,282
4 $60,704 Annual sampling event O&M 1.22 $49,563
5 $67,704 Annual sampling event and five-year review O&M, Periodic 1.29 $52,546
6 $60,704 Annual sampling event O&M 1.36 $44,784
7 $60,704 Annual sampling event O&M 1.43 $42,571
8 $60,704 Annual sampling event O&M 1.50 $40,466
9 $60,704 Annual sampling event O&M 1.58 $38,466
10 $67,704 Annual sampling event and five-year review O&M, Periodic 1.66 $40,781
11 $60,704 Annual sampling event O&M 1.75 $34,757
12 $60,704 Annual sampling event O&M 1.84 $33,039
13 $60,704 Annual sampling event O&M 1.93 $31,406
14 $60,704 Annual sampling event O&M 2.03 $29,854
15 $67,704 Annual sampling event and five-year review O&M, Periodic 2.14 $31,651
16 $60,704 Annual sampling event O&M 2.25 $26,975
17 $60,704 Annual sampling event O&M 2.37 $25,642
18 $60,704 Annual sampling event O&M 2.49 $24,375
19 $60,704 Annual sampling event O&M 2.62 $23,170
20 $67,704 Annual sampling event and five-year review O&M, Periodic 2.76 $24,564
21 $60,704 Annual sampling event O&M 2.90 $20,936
22 $60,704 Annual sampling event O&M 3.05 $19,901
23 $60,704 Annual sampling event O&M 3.21 $18,917
24 $60,704 Annual sampling event O&M 3.38 $17,982
25 $67,704 Annual sampling event and five-year review O&M, Periodic 3.55 $19,064
26 $60,704 Annual sampling event O&M 3.74 $16,248
27 $60,704 Annual sampling event O&M 3.93 $15,445
28 $60,704 Annual sampling event O&M 4.13 $14,682
29 $60,704 Annual sampling event O&M 4.35 $13,956
30 $67,704 Annual sampling event and five-year review O&M, Periodic 4.58 $14,796
31 $60,704 Annual sampling event O&M 4.81 $12,610
32 $60,704 Annual sampling event O&M 5.06 $11,987
33 $60,704 Annual sampling event O&M 5.33 $11,395
34 $60,704 Annual sampling event O&M 5.60 $10,831

Source Area Treatment Using ISCO, NA, 
Groundwater Monitoring, and LUCs Shallow Groundwater

included in the operation time



REMEDIAL ALTERNATIVE 2 Media LOCATION: Construction time: 21.2 weeks

Site 47 Mercuric Nitrate Disposal Area Operation time: 52 years

NSF-IH, Indian Head, Maryland Post Remediation 
Monitoring:

PRESENT WORTH CALCULATION
Discount Rate: 5.2% O&M and Period Cost Contingency: 20%

Year Real Cost Incurred Cost Description Cost Type Discount Factor Present Worth

Source Area Treatment Using ISCO, NA, 
Groundwater Monitoring, and LUCs Shallow Groundwater

included in the operation time

35 $67,704 Annual sampling event and five-year review O&M, Periodic 5.90 $11,483
36 $60,704 Annual sampling event O&M 6.20 $9,787
37 $60,704 Annual sampling event O&M 6.53 $9,303
38 $60,704 Annual sampling event O&M 6.86 $8,843
39 $60,704 Annual sampling event O&M 7.22 $8,406
40 $67,704 Annual sampling event and five-year review O&M, Periodic 7.60 $8,912
41 $60,704 Annual sampling event O&M 7.99 $7,596
42 $60,704 Annual sampling event O&M 8.41 $7,220
43 $60,704 Annual sampling event O&M 8.84 $6,863
44 $60,704 Annual sampling event O&M 9.30 $6,524
45 $67,704 Annual sampling event and five-year review O&M, Periodic 9.79 $6,917
46 $60,704 Annual sampling event O&M 10.30 $5,895
47 $60,704 Annual sampling event O&M 10.83 $5,604
48 $60,704 Annual sampling event O&M 11.40 $5,327
49 $60,704 Annual sampling event O&M 11.99 $5,063
50 $67,704 5-Year groundwater sampling, and five-year review O&M, Periodic 12.61 $5,368
51 $60,704 Annual sampling event O&M 13.27 $4,575

52 $67,704 Annual sampling evebt, five-year review, and site closure M, Periodic, Site Clos 13.96 $4,851

CAPITAL COST $1,916,683
2005 Dollar LIFETIME O&M $3,701,451 Lifetime Present Worth O&M $1,525,447
TOTAL IMPLEMENTATION COST $5,618,134 TOTAL PRESENT WORTH $3,442,131



Supplemental Cost Backup
REMEDIATION ACTIVITIES

1. INSTALLATION OF MWs

Description Units
MD/DC 

area Site 47
Mobilization/Demobilization of Direct Push Rig lump sum 440$          440$              
1" Monitoring Well Construction
1-inch Schedule 40 PVC well riser per foot 5$              100$                 
1-inch Schedule 40 PVC pre-packed well screen
    10-foot length each 216$          432$                 
Well development per hour 77$            154$                 
Miscellaneous
Per Diem (Direct Push only) per day 120$          360$                 
Temporary Decon Pad each 163$          163$                 
DOT 55-gallon Steel Drums each 46$            138$                 
IDW Handling per hour 83$            332$                 

2,119$              
   Wellhead completion includes installation of protective casing or flush mount cover (as specified)
   and completion of a 2'x2'x6" concrete pad.

2. INSTALLATION OF INJECTION WELLS
Unit Quantity Unit Prices 

Mobilization
Mobilization for Washington D.C/Maryland Area

lump sum 1 $1,100.00
Soil Boring (Hollow Stem Auger)
4.25-inch ID Augering
0-50 feet per foot 576 $15.00
2-inch Monitoring Well Construction
0-50 feet per foot 576 $17.00
2-inch Well pipe, Sch 40 PVC per foot 576 $2.00
Miscellaneous
Installation of flush-mounted covers per well 48 $175.00
Well Development per hour 28 $75.00
Standby Time for rig per hour 4 $150.00
Brush Clearing per man hr 1 $75.00
Per Diem (lodging w/ tax and M&IE) - Indian Head, MD per person/day 14 $117.40
Dot 55-gallon drums per each 6 $65.00
Standard Decon per hour 6 $175.00
Temporary Decon Pad per location 1 $400.00
Concrete Drilling per inch 8 $2.50
TOTAL ESTIMATED SUBCONTRACTOR COST

3. ISCO PERSULFATE INJECTION

Description of Service/Items Unit Quantity Unit Price Total
Work Plan & Project Coordination ls 1 $13,000.00 $13,000.00 
Meetings ls 1 $5,700.00 $5,700.00 
Well Installation Site Visit ls 1 $3,900.00 $3,900.00 
First Injection Event
Material - Persulfate lbs 13,200 $1.22 $16,104.00 
Material Sodium hydroxide lbs 66,850 $1.05 $70,192.50 
Oxidant Injection - Injection Manifold System used for wks 13 $6,500.00 $84,500.00 Very high for man
DPT Injection Rental day 65 $2,500.00 $162,500.00 High for GeoProbe
Injection Labor hours 1950 $80.00 $156,000.00 high avg. labor rat
Perdiem&Lodging day 195 $112.00 $21,840.00 
Second Injection Event
Persulfate lbs 6600 $1.22 $8,052.00 
Sodium Hydroxide lbs 33425 $1.05 $35,096.25 
Oxidant Injection - Injection Manifold System used for wks 7 $7,000.00 $49,000.00 Very high for man
DPT Injection Rental day 35 $2,500.00 $87,500.00 High for GeoProbe
Injection Labor hours 1050 $80.00 $84,000.00 high avg. labor rat
Perdiem&Lodging day 105 $112.00 $11,760.00 
TOTAL ESTIMATED SUBCONTRACTOR COST $809,144.75

Description of Service/Items

Truck mounted rig (combination DPT/HSA rig)

Injection

Average of Selected BOA Firms for Direct Push Injection Point Installation



Supplemental Cost Backup
4. SURVEY

Quantity Unit Price Total
Field Surveying (2-person crew) per day 1 $700 700.00$                
TOTAL ESTIMATED SUBCONTRACTOR COST $700.00

PRETREATMENT, CONCURRENT, AND POST TREATMENT SAMPLING
1. GW SAMPLE COLLECTION

Description of Service/Items Unit Quantity Unit Price Total 
Decon Expendables per team/day 5 $22.10 $110.50
TOTAL ESTIMATED COST $110.50

Disposal & Decon Materials per sample

GPS Surveying

Description of Service/Items Unit Northern VA, MD, WDC Area



Supplemental Cost Backup
Description of Service/Items Unit Quantity Unit Price Total
pH Meter per day 5 $6.35 $31.75
Conductivity Meter per day 5 $3.86 $19.30
Dissolved Oxygen Meter per day 5 $13.23 $66.15
Oil/Water Interface Probe per day 5 $13.11 $65.55
Water Level indicator per day 5 $2.52 $12.60
Turbidity Meter per day 5 $9.67 $48.35
Datalogger 4-CH w/Transducers per day 5 $61.54 $307.70
Sulfate and Persulfate Indicator kits each 1 $50.00 $50.00
TOTAL ESTIMATED COST $601.40

2. GW SAMPLE ANALYSIS

Description of Service/Items Unit Quantity Unit Price  Total 
Dissolved oxygen (360.1) per test 30 $7 $210.00 
pH (150.1/ 9045C) per test 30 $7 $210.00 
Specific Conductance (120.1) per test 30 $13 $390.00 
TAL Metals/Cyanide by CLP (ILM04) (filtered) per test 30 $138 $4,140.00 
TAL Metals/Cyanide by CLP (ILM04) (unfiltered) per test 30 $138 $4,140.00 
Sulfate (375.4) per test 30 $19 $570.00 
Chloride (325.1/ 325.3) per test 30 $17 $510.00 
Nitrate (352.1, 353.3) per test 30 $19 $570.00 
Alkalinity (310.1) per test 30 $13 $390.00 
TCL Volatiles by CLP (OLM04) without Encore per test 30 $95 $2,850.00 
Methane, ethane, ethene (RSK-175) per test 30 $101 $3,030.00 
TOTAL ESTIMATED COST $17,010.00

3. SOIL SAMPLE COLLECTION

Description of Service/Items Grade Unit Quantity Unit Price Total
Chemist P1 per hour 50 $21.06 $1,053.00
Geologist P1 per hour 50 $21.06 $1,053.00
TOTAL ESTIMATED COST $2,106.00

Description of Service/Items Unit Quantity Unit Price Total 
Decon Expendables per team/day 5 $22.10 $110.50
TOTAL ESTIMATED COST $110.50

Quantity Unit Price  Total 
Direct Push Sampling and Daily Consumables
     w/ steam cleaning decontamination per day 6 $1,950 11,700.00$           
     w/ truckside decontamination2 per day $1,343 -$                      
TOTAL ESTIMATED COST $11,700.00

Description of Service/Items Unit Quantity Unit Price Total 
TCL Volatiles by CLP (OLM04) (with Encore samplers 
provided by lab) - 7-day TAT per test 6 $121 $726.00 

TOTAL ESTIMATED COST $726.00

SAMPLING AND ANALYSIS
1. SAMPLE COLLECTION

Description of Service/Items Unit Quantity Unit Price TOTAL
Decon Expendables per team/day 5 $22.10 110.5
TOTAL ESTIMATED COST 110.50$                

Description of Service/Items Unit Northern VA, MD, WDC Area

Disposal & Decon Materials per sample

Labor

Disposal & Decon Materials per sample

OPERATION &MAINTENANCE AND PERIODIC ACTIVITIES - PER EVENT COST

Lab

Equipment Rental

Lab

Equipment Rental 



Supplemental Cost Backup

Description of Service/Items Unit Quantity Unit Price TOTAL
pH Meter per day 5 $6.35 $31.75
Conductivity Meter per day 5 $3.86 $19.30
Dissolved Oxygen Meter per day 5 $13.23 $66.15
Oil/Water Interface Probe per day 5 $13.11 $65.55
Water Level indicator per day 5 $2.52 $12.60
Turbidity Meter per day 5 $9.67 $48.35
Datalogger 4-CH w/Transducers per day 5 $61.54 $307.70
Sulfate and Persulfate Indicator kits each 1 $50.00 $50.00
TOTAL ESTIMATED COST $601.40

2. LAB ANALYSIS

Description of Service/Items Unit Quantity Unit Price  Total 
Dissolved oxygen (360.1) per test 30 $7 $210.00 
pH (150.1/ 9045C) per test 30 $7 $210.00 
Specific Conductance (120.1) per test 30 $13 $390.00 
TAL Metals/Cyanide by CLP (ILM04) (filtered) per test 30 $138 $4,140.00 
TAL Metals/Cyanide by CLP (ILM04) (unfiltered) per test 30 $138 $4,140.00 

Sulfate (375.4) per test 30 $19 $570.00 
Chloride (325.1/ 325.3) per test 30 $17 $510.00 
Nitrate (352.1, 353.3) per test 30 $19 $570.00 
Alkalinity (310.1) per test 30 $13 $390.00 
TCL Volatiles by CLP (OLM04) without Encore per test 30 $95 $2,850.00 
Methane, ethane, ethene (RSK-175) per test 30 $101 $3,030.00 
TOTAL ESTIMATED COST $17,010.00

Lab

Equipment Rental 
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